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ABSTRACT

This study examined the relationship between single
and multiple levels of augmented feedback received during
training of bidirectional finger temperature control.
Twenty-five male and twenty-five female undergraduate
students were randomly assigned, balanced for sex, to one
of five training groups.

Three groups received a single

level of feedback sensitivity (none, low, high) and two
groups received multiple levels of feedback sensitivity
within the same training trial (high-low and low-high).
Finger temperature feedback was provided in the form of
visual analogue feedback.
hour training sessions.

All subjects received two oneEach session consisted of a skin

temperature decrease trial followed by a skin temperature
increase trial.

Training trials contained four five-minute

training phases:
Self-control.

Baseline, Feedback 1, Feedback 2, and

A four-factor mixed design with one between-

group and three within-group factors was used to analyze
difference scores on five response measures:

finger temper

ature, heart rate, respiration, skin resistance, and inte
grated EMG of the left forearm.

Analysis of finger tempera

ture data found no significant differences between groups.

vii

Therefore, the data failed to support hypothesized relation
ships between feedback sensitivity and temperature regula
tion.

Sex of subjects proved to be a critical factor re

lative to direction of change.

Females tended to vaso-

constrict regardless of instructions whereas males showed
the opposite tendency.

Multiple regression analyses, as

well as analyses of heart rate, respiration, and integrated
forearm EMG data led to speculation regarding the possible
role of somatic maneuvers in the learning of peripheral
temperature regulation under conditions of augmented feed
back.
Findings were discussed in terms of relevant biofeed
back and motor skills learning literature.

Explanations

were offered for both negative and positive findings with
suggestions regarding future research activity.

viii

INTRODUCTION AND REVIEW OF LITERATURE

Prior to the mid to late 1960's it was frequently
asserted by learning theorists that classical conditioning
and instrumental learning were clearly distinguishable in
that operant control procedures were limited to modifica
tion of responses governed by the somatic nervous system.
Several animal experiments, using heart rate as the
dependent measure, emerged (e.g., Trowill, 1967; Miller
& DiCara, 1967) which demonstrated that operant condition
ing of responses controlled by the autonomic nervous system
was possible.

Shortly thereafter (e.g., Miller & DiCara,

1968; DiCara & Miller, 1968a, 1968b; Snyder & Noble, 1968),
it was demonstrated that vasomotor responses could also be
modified using operant training procedures.

As noted by

Schwartz & Beatty (1977), the results of these studies,
and others, as well as advances in cybernetic theory and
systems analysis, led to the establishment and growth of
biofeedback as a means of manipulating and studying
physiological processes. The ensuing discussion focuses
primarily on the study of the vasomotor response system
using biofeedback procedures.
Regarding the physiology of the vasomotor response
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system, a number of sources (e.g., Barcroft, 1960, 1963;
* »

Hertzman, 1959; Uvnas, 1961, 1966) have Indicated that
peripheral bloodflow is innervated primarily by the
sympathetic branch of the autonomic nervous system with
little or no control being exerted by the parasympathetic
branch of the autonomic nervous system.
Peripheral blood flow can be measured directly both
through the use of invasive techniques and non-invasive
techniques.

Due to the inherent unpleasantness of the

former procedures, the latter procedures are most
frequently used as a means of assessing peripheral blood
flow.

The techniques of photoplethysmography, volume

plethysmography, and thermometry are the non-invasive
techniques most commonly employed (Taub, 1977).
In discussing the relevance and utility of biofeedback
research, Miller (1974) has stated that, "Because of the
encouraging results secured to date, the benign nature of
the response, its relative accessibility, and the great
possibility for specificity, I believe that the control of
temperature (or of peripheral circulation measured in
other ways) is likely to be an especially good model
situation for discovering and studying the various factors
that have significant effects on the learning of a visceral

response (p.18)."
The following summary of the experimental, literature
on the use of biofeedback with skin temperature will
follow the presentation format used by Williamson &
Blanchard (1979a & b) in their review of the heart rate
and blood pressure biofeedback experimental literature.
The specific dimensions are:

magnitude of change, effects

of extended training, type of feedback, temporal feedback
factors, motivational factors, instructional effects,
individual differences, the mediation/specificity issue,
and feedback sensitivity.
Magnitude of Change
A review of the recent experimental literature using
normal healthy subjects finds that of 11 studies reporting
on skin temperature increases, only one study (Keefe &
Gardner, 1979) reported a mean skin temperature increase
of greater than 1.0°C.

In this case the mean value for skin

temperature increase was l.A°C.
(Stoffer, et al., 1979;

Five of the eleven studies

Suter, 1980;Kewraan

& Roberts,

1980; Keefe, 1975; King &Montgomery,. 1981) reported mean
skin temperature increases greater than 0.5°C but less than
1.0°C.

The remaining five studies (Herzfsld & Taub, 1980;

Steptoe, et al., 1974? Surwit, et al., 1976; Hunter, et al.,
1976; Ohno, et al., 1977) reported mean skin temperature
changes equal to or less than Q.5°C. Individuals tend to
vary a great deal in their respective ability to increase
skin temperature.

For example, Surwit, et al. (1976) re

ported that one subject was capable of increasing skin
temperature by as much as 3.5°C and Keefe (1978) reported
a subject who was able to increase skin temperature by
1.1°C.

Taub & Emurian (1976) report that two subjects,

selected from 21 subjects receiving unidirectional training,
were trained for bidirectional control and showed a range
of mean temperature changes from baseline, irrespective of
direction, of 5.0°C to 7.7 °C.

Thus it appears that the

data warrant the conclusion that small magnitude changes
in skin temperature increases are the rule rather than the
exception.

Large magnitude skin temperature increases can

be produced but there is a great deal of variability across
subjects.

The factors that might account for the observed

individual differences will be discussed later.
In contrast to the small-magnitude changes reported
for skin-temperature increases, two of seven studies
(Surwit, et al., 1976; Keefe & Gardner, 1979) reported
mean skin temperature decreases of greater than 1.0°C.

For
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Surwit, et al. (1976) the reported figure was 2.0°C and
for Keefe & Gardner (1979) the reported figure was 1.6°C.
The remaining five studies (Suter,. 1980; Kewman & Roberts
1980; Herzfeld & Taub, 1980; Keefe, 1975; Ohno, et al.,
1977) reported mean skin temperature decreases of greater
than 0.6°C but less than 1.0°C.

As was the case for the

skin temperature increase data, there has been much
individual variability with some researchers (Surwit, et
al. , 1976) having indicated that there were subjects cap
able of decreasing skin temperature by as much as 10.0°C.
Taub Sc Emurian (1976) also reported that the mean
temperature decrease data for their 21 subjects was 0.2°C
greater than the mean temperature increase data.

Only one

study (Keefe, 1975) found that mean temperature increases
were greater than mean temperature decreases.
These findings lead to the following three points.
First, regardless of whether the focus of interest has been
on skin temperature increases or skin temperature decreases
the magnitude of change has been rather small.

Secondly,

it has been easier to produce skin temperature decreases
than skin temperature increases.

Finally, there has been

much individual variability such that some subjects were
more adept at producing skin temperature increases and/or

decreases than were other subjects.

The parametric and

individual subject variables bearing on these findings will
be discussed in the sections to follow.
Effects of extended training
There exist a number of difficulties in attempting to
compare the effects of extended training on the magnitude
of skin temperature changes.

First to be noticed is that

different researchers have used differing numbers of train
ing sessions.

For example, Keefe (1975) employed 12

training sessions whereas Ohno, et al. (1977) used 3
training sessions.

The rationale for selecting a certain

number of training sessions rather than a higher or lower
number, by any one researcher, has often not been clear.
A second complicating factor is that in some cases the
number of training sessions varied per subject.

For

example, Surwit, et al. (1976) used a variable number of
training sessions ranging from a low of five to a maximum
of 9 sessions.

Finally, the length of any given training

session has varied across studies such that Surwit, et al.
(1976) provided their subjects five training sessions, each
9 minutes in duration, whereas Keefe & Gardner (1979)
provided a group of female subjects five training sessions
ranging in length from 20-30 minutes in duration.

Based on the present literature it does not appear to
be the case that extended training has produced larger
magnitude skin temperature changes, regardless of the
direction of change that has been studied.

For example,

Keefe & Gardner (1979) used six female subjects in a skin
temperature increase study where they received 5 training
sessions, 20-30 minutes in duration, one session per day
for five consecutive days.

They reported that their sub

jects reached asymptote by the thrid session with no fur
ther temperature increases beyond that point.

Taub &

Emruian (1976) used a sample of 21 subjects who received
a variable number of sessions, with the minimum number
received by any single subject being four sessions, and
reported that all subjects evidenced learning by the
fourth session.

They instructed some subjects to increase

and others to decrease.
asymptote was reached.

It was not stated as to when
They did note that there were no

significant main effects for days, indicating that improve
ment over days was not a significant contributor to
outcome.

Keefe (1978) used 60 females in a skin-temperature

increase study and found that subjects given five training
sessions, each of 10 minutes duration, one session per day
for five consecutive days were unable to consistently
produce significant skin temperature increases from the

third day on.
It can be said that the effect of extended training
has not been adequately tested as of yet.

There are

indications that significant learning effects for both
unidirectional and bidirectional training can be obtained
relatively early in training.

However, it is probable

that individual subject factors regarding ease and rate of
learning play a primary role in the number of sessions
required for any one individual or group of individuals to
demonstrate a significant learning trend and/or reach
asymptote.
Type of Feedback
As has been noted elsewhere (e.g., Williamson &
Blanchard, 1979} Black, et al., 1977) the vast majority of
biofeedback research has presented the feedback stimulus
in the form of one of two distinctly different types of
feedback.

These feedback types are referred to as binary

feedback and analogue or proportional feedback.

In the

case of binary feedback the information provided to the
subject is dichotomous (i.e., yes/no relative to performance
criteria) and is temporally presented discontinuously.
On the other hand, analogue or proportional feedback is
presented on a continuous basis and provides, in addition
to the yes/no information of the binary feedback method,

information regarding the magnitude of change produced.
The primary mode of feedback stimulus presentation for
both binary and analogue feedback was via the auditory
sensory channel (e.g., earphones) or the visual sensory
channel (e.g., display meter).
It was found that 14 of 15 studies (Zeiner & Pollack,
1980; Bizallion, 1979; Packer, 1980; Taub & Emurian, 1976;
Stoffer, et al., 1979; Herzfeld & Taub, 1980; Kewman &
Roberts, 1980; Steptoe, et al., 1974; Keefe, 1975; Surwit,
et al., 1976; Hunter, et al., 1976; Keefe, 1978; Keefe &
Gardner, 1979; Suter, 1980) have employed analogue feedback.
Only one study (Ohno, et al., 1977) used binary feedback.
In no case was both analogue and binary feedback used
within the same experiment.

There are no indications that

the relative effectiveness of binary feedback compared to
analogue feedback in producing directional skin temperature
changes has been experimentally addressed.

Obviously there

is a need for controlled comparative research on the topic
of feedback type effectiveness within the domain of skintemperature biofeedback.

It can be noted that in the

Ohno, et al. (1977) study, subjects who received binary
feedback did not significantly differ from control
subjects who received no feedback.

No significant

temperature changes between baseline and training phases
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were reported for either group.

Failure to inform the

subjects of the desired response, failure to inform the
subjects of the contingent relationship between feedback
and the desired response, and utilization of but three
training sessions make it difficult to assess these
findings relative to the experimental literature.
In regard to the suggested relationship between
analogue feedback and attempts to obtain skin temperature
increases, 9 of 14 studies (Taub & Emurian, 1976; Stoffer,
et a l ., 1979; Herzfeld & Taub, 1980; Steptoe, et al., 1974;
Keefe, 1975; Surwit, et al., 1976; Hunter, et al., 1976)
found the skin temperature increases of groups who received
contingent feedback to be significantly greater than were
baseline mean values and/or significantly greater than were
the skin temperature changes produced by various types of
feedback control groups (e.g., non-contingent feedback
groups, no feedback groups, instructional groups, etc.).
For the most part this data has been only suggestive as the
majority of studies introduced procedural confounds such
as the use of thermal suggestions in addition to feedback,
failure to Incorporate an instructional control group, etc.
Of 11 studies which employed bidirectional training
between groups or in the context of a within-subjects
design, thereby producing a decrease skin temperature

experimental condition, 9 studies (Bizallion, 1979; Taub &
Emurian, 1976; Herzfeld & Taub, 1980; Steptoe, et al., 197A;
Keefe, 1975; Surwit', et al.

1976; Keefe & Gardner, 1979;

Suter, 1980) found subjects receiving contingent analogue
feedback to be statistically more capable of producing skin
temperature decreases than control subjects.

This relation

ship existed for magnitude of change between groups and mag
nitude of change withiri-group, where baseline skin tempera
ture was the comparative standard.

Again this data is only

suggestive as the methodological flaws alluded to for the
skin temperature increase data were noted in the majority
of the studies of skin temperature cooling.
Of the 14 preceding studies, four used visual analogue
feedback only, four used auditory analogue feedback only,
and six used both visual and auditory analogue feedback.
Methodological differences between studies, as well as conflictual findings utilizing the same presentation mode,
allow the drawing of no conclusions regarding the efficacy
of different forms of feedback sensory modality presenta
tion in the learning of skin temperature control.
However, in a recent study O'Connell, et al. (1979)
assessed the relative efficacy of visual, auditory, and
tactile analogue feedback in producing finger temperature
increases for both males and females.

Although subjects
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showed small but significant temperature increases when
averaged across trials and session, there was no main effect
for mode of presentation.

The results did suggest that sex

of the respondent was a critical variable influencing effec
tive utilization of visual and auditory analogue feedback
but not tactile analogue feedback.

The failure of these

authors to employ a feedback control group, the fact that
they employed only one training session, and the lack of
supportive literature regarding temperature training render
questionable the strength of their findings.
Obviously there remain unanswered many basic questions
regarding the differential effectiveness of different types
of sensory modality presentation, binary vs. analogue feed
back, and the factors which influence the effectiveness of
these variables themselves.

These questions can be answered

only by well designed empirical investigations which address
the relevant aforementioned parametric issues.
Motivation factors
Some investigators have used monetary reward in their
research (e.g., Herzfeld & Taub, 1980; Taub & Emurian, 1976;
Zeiner & Pollack, 1980) whereas others (e.g., Stoffer, et
al., 1979; Packer, 1980) have used, less salient rewards such
as sharing the adventure of scientific discovery.

Although

reward incentive value has been recognized as a possible
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factor affecting the differential outcome of biofeedback
skin temperature studies (e.g., Ohno, et al.,.1977) there
are no published studies which directly address the issue
of motivation.
Knowledge of the cdrrect response
For the most part it has been common practice for
investigators to correctly inform subjects about the nature
of the desired response.

Whether or not it is necessary

for subjects to have knowledge concerning the nature of the
monitored response and/or accurate knowledge of the response
feedback contingency is a question which has not been ade
quately researched.
In an early study, Engel & Schaefer (1974) misinformed
some of their subjects about the nature of the response to
be modified.

Misinformed subjects were receiving feedback

for skin-temperature but were told that feedback was for
skin resistance.

Their performance was not statistically

different from that of informed subjects.
In a later study, Ohno, et al. (1977) did not inform
any of their subjects, experimental or control, as to the
nature of the response for which they were receiving con
tingent feedback.

Their finding was one of no significant

differences for skin temperature increases or decreases
for both within-group data and between-group comparisons.
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Alep* there were no clear, learning trends.

Post-training

interviews suggested that subjects receiving contingent
feedback were unaware of the response for which thiey had
been receiving feedback.
In a recent investigation by Stoffer, et al. (1979)
it was found that subjects given yoked-sham feedback, with
subject pairs yoked on the basis of identity or similarity
of respective Locus of Control Scores, did not differ signifi
cantly from each other in their ability to increase skin
temperature during training.

Both groups showed significant

changes from baseline as well as being significantly better
performers than subjects in a no-feedback control group.
The design included a no-feedback session subsequent to the
termination of all training sessions.

They found that under

these conditions the contingent feedback group remained
statistically superior to the no-feedback group (p< .008)
but only marginally superior to the yoked-sham feedback
group (p< .10).

The yoked-sham feedback group was not

significantly different from the no-feedback group in raising
skin temperature, during the self-control phase.
Each of these three studies provides a different
answer to the question of whether or not knowledge of the
response and/or the contingent relationship to feedback is
necessary for learning to take place.

The Engel & Schaefer
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(1974) findings suggest that feedback alone is necessary for
learning to take place.

The Ohno, et al. (1977) study

suggests that a total lack of knowledge, accurate or
inaccurate, yields no learning effects under conditions of
contingent feedback.

The implication of the findings of

Stoffer, et al. (1979) is that knowledge of the correct
response and its relationship to contingent feedback has a
facilitating effect on the learning of skin temperature
control with contingent feedback tending to be the critical
factor in the learning of self-control.

It would be

interesting to see if their findings would extend to the
learning of control over skin temperature decreases.
Obviously these three investigations provide no clear-cut
answer to the question which has been asked, but they are
all suggestive.

Therefore, there is a need for further

research in this area of inquiry to ferret out relevant
parameters and determine the role they play in the learning
of skin temperature control.
Instructional versus feedback control
It has been the argument of some researchers (e.g.,
Engel & Schaefer, 1974) that, because subjects who received
misleading instructions performed as well as subjects who
were not misled, feedback alone is sufficient to produce
a learning effect.

Experimental manipulations such as
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these do not indicate that feedback is necessary for skin
temperature control to occur nor do they rule out the
possibility that other manipulations, such as mere in
structions to produce skin temperature changes, are
sufficient to demonstrate control.

In regard to compari

sons of the relative effectiveness of instructional control
and feedback control, Williamson & Blanchard (1979) write,
"There are two different methods of assessing the importance
of feedback effects as compared to instructional control
alone.

The most commonly used procedure has been to com

pare a prefeedback instructions phase to the feedback phase.
The other method utilizes a no-feedback control group with
instructions to change in the desired direction (p.10)."
For the most part the controls specified by Williamson
& Blanchard (1979) have not been a routine design or metho
dological characteristic of studies investigating the use
of biofeedback in attaining skin temperature control.

As

a result many of the studies in this area have confounded
instruction effects with feedback effects (e.g., Keefe,
1975j Roberts, et al., 1975; Taub & Emurian, 1976; Packer,
1980).

In the case of these studies it is impossible to

determine whether the results observed were due to the
main effects of feedback or instructions or, possibly, the
interaction of the two variables.

Within recent years
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studies have emerged, although few in number, which attempt
to isolate the effects of feedback control and Instructional
control by use of the methodology described above.

Only two

such studies were found (i.e., Keefe, 1978; Stoffer, et al.,
1979) and both dealt with skin temperature increases and not
skin temperature decreases.
The Stoffer, et al. (1979) study, which employed a
contingent feedback group, a yoked-sham feedback group, and
a no-feedback group, with all groups of subjects instructed
to increase skin temperature was discussed in the preceding
section.

It needs to be mentioned here only that their

findings argued against a pure instructional control effect
for skin temperature increases.

It is possible however

that instructional control effects interacted with feedback
effects for those receiving both contingent and non-contin
gent feedback.

The strength of this argument is bolstered

by the finding that the contingent and yoked-sham feedback
groups did not differ significantly in their control
during training.

Within the context of their research de

sign it is impossible to determine if what is suggested was
indeed the case.
Keefe (1978) used a more elaborate research design
allowing for the testing of more hypotheses than was the
case in the Stoffer, et al. (1979) study.

He used six

groups of subjects:

1) an instructional control, no-feed-

back group; 2) a rest instruction, no-feedback group; 3) a
thermal suggestion, no-feedback group; 4) an instructional
control, feedback group; 5) a rest instruction, feedback
group; and 6) a thermal suggestion, feedback group.

He

found that only those subjects who had received instruc
tional control with feedback, thermal suggestion with feed
back, or thermal suggestion with no feedback were capable of
significantly increasing their skin temperature.

These

findings support the notion that instructional control
alone is not sufficient to produce significant skin tem
perature increases.

The failure of the rest instruction

with no-feedback group, as well as the rest instruction
with feedback group, to show a trend of skin temperature
increases within and across sessions suggested that ob
served effects were due to factors other than habitua
tion.

A major weakness of this study was the absence of

a feedback only group; without it as a comparison one can
still hypothesize that the observed effect for the in
structional control with feedback group was due to the
interaction of instructions and feedback rather than a
feedback main effect.

Therefore, there does appear to be

evidence in support of the notion that if instructional
control exerts an influence on the control of skin
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temperature Increases it does so by interacting with the
feedback control variable.

Further research using

appropriate experimental and control groups is indicated.
In light of the fact that skin temperature decreases
are more readily produced than are skin temperature
increases and that they tend to be of greater magnitude,
there is an equally strong need for the type of research
conducted by Stoffer, et al., (1979) and Keefe (1978) but
with the target being skin temperature cooling or bidirectional control.

Surwit, et al. (1976) have suggested

that "arousal like" behavior is easier to elicit than
inhibit.

If this hypothesis is correct and one assumes

that the orienting reflex (Sokolov; 1963) is a valid
response then it is plausible that, given there is a
predisposition toward vasoconstriction across subjects,
instructions without feedback may be robust enough to
produce the desired response.
Self-control
Williamson & Blanchard (1979) write, "The terms
instructional control and self-control may be differentiated
in that instructional control refers to the subject's
ability to alter the proper response before feedback train
ing, while self-control refers to ability to alter the
response after feedback training, in the absence of
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feedback (p.11)."
It was found that only six studies (Stoffer, et al.,
1979; Roberts, et al., 1973; Ohno, et al., 1977; Keefe,
1978; King & Montgomery, 1981; Hayduk, 1980) have made
provisions in their research design for the testing of
self-control.

Two of these investigations (Roberts,

et al., 1973; Hayduk, 1980) utilized a classical con
ditioning (i.e., thermal imagery) - biofeedback overlap
design allowing for no clear and unambiguous interpreta
tion of the self-control data.

Therefore, the latter two

studies' findings although positive, shed little light on
the issue of whether or not biofeedback alone enhances
self-control.
Of the remaining four studies, all of which have
focused on skin temperature increases, the Ohno, et al.
(1977) study, as discussed earlier, appears to have em
ployed a method leading to questions regarding the validity
of their findings.

Therefore, their investigation is also

dropped from a consideration of the issue of self-control.
The remaining three studies (Stoffer, et |1 . , 1979)
Keefe, 1978; King & Montgomery, 1981) found positive effects
for self-control but only Stoffer, et al. (1979) utilized
a methodology allowing for a clear and unambiguous in
terpretation that contingent feedback alone leads to
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enhanced self-control.

Keefe (1978) confounded feedback

with instructions in one condition and feedback with
thermal suggestions in another thereby having no conditions
of pure feedback.

King & Montgomery (1981) admittedly did

not control for biasing effects such as movement of the
thermistor (attached to the volar pad of the index finger)
toward the palmar surface.
In summary, only one study (Stoffer, et al., 1979)
clearly indicates that contingent feedback is superior to
other manipulations in the maintenance of temperature
increases whenever external feedback is removed.

At this

point in time it is not possible to determine the effects
of biofeedback on the self-control of temperature decreases.
There is an obvious need for a greater number of investi
gations to test for the control of skin temperature sub
sequent to the removal of feedback in order to determine
i t '8 potential clinical utility in the treatment of dis
orders such as Raynaud's disease (Sappington, et al., 1979)
migraine headaches (Kewman & Roberts, 1980) and vascular
headaches other than migraine (Diamond, et al., 1978).
Individual Differences
As indicated earlier, it is! a rather consistent
finding throughout the literature on skin temperature
control that there are individual differences in the
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learned control of skin temperature.

Attempts to explain

differences in individual variability have focused pri
marily on personality traits or physiological characteris
tics of individual subjects.
Personality Ttaits.

At least two studies (Fotopoulos

& Binegar, 1976; Stoffer, et al.. 1979) have determined
that subjects classified as 'internals' or 'externals' do
not differ significantly in their ability to learn to con
trol skin temperature.

Taub & Emurian (1976) found that

the ability to control skin temperature was not highly
correlated with MMPI scores.

One study (Thompson, 1976)

reported that subjects with high pre-test scores on the
Spielberger State-Trait Anxiety Inventory had significantly
higher initial skin temperature increases than subjects who
had low scores on this inventory.

They also used the

Barratt Impulsiveness Scales and found that the greatest
amount of learning was exhibited by subjects cross-classi
fied as low anxious-high irapulsivity.

There are no re

ported replications of the Thompson (1976) finding.
Sex.

Packer (1980) found that females had lower mean

skin temperature levels than males and demonstrated greater
variability within sessions, between sessions, -and between
subjects than did males.

However, this finding appeared
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to be unrelated to the learning of skin temperature con
trol as single subject analyses failed to find significant
learning effects for either males or females,

Surwit,

et al. (1976) found that males or females could learn
vasodilation and vasoconstriction equally well with no
significant differences between the sexes on mean absolute
temperature during baseline or training sessions.

Both

were studies of bidirectional temperature control.
O'Connell, et al. (1979) found that males were significant
ly more effective users of both visual and auditory analogue
feedback than were females when asked to increase finger
temperature within a single training session.

This was the

case even though both male and female subjects produced
significant temperature increases within trials and across
session.

Their results suggest that investigators need to

attend more to the interaction between sex of subjects and
type of sensory modality as a possible important factor
affecting magnitude of temperature change observed between
the sexes.

There were methodological weaknesses in their

study which limit the amount of confidence one can place in
their findings.

However, their study does lead to interest

ing speculation and, by implication, leads to a recommenda
tion of replication not only for temperature increase in
structions but also for temperature decrease instructions.
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Physiological characteristics.

Herzfeld & Taub (1980)

have written that data gathered in their laboratory would
indicate that "many subjects have a clear tendency, often
marked, for hand temperature to change in a given direction
when sitting quietly without performing a task during the
time that would be the feedback period on training days
(p.397).11 If, as they suggest, it is the case that some
individuals are natural decreasers or increasers then a
bias will be introduced into the data.

However, the re

sults of at least one investigation (Keefe,. 1978) calls
into question the universality of the phenomenon observed
by Herzfeld & Taub (1980).

Keefe (1978) found that the

skin temperature of subjects in a rest instruction no
feedback group remained relatively stable throughout the
same time period during which other subjects were receiving
feedback training.

Given that there are many differences

between individual psychophysiplogical. laboratories (Martin
& Venables,. 1980) it is conceivable that the observations
made by Herzfeld & Taub (1980) and Keefe (1978) are both
valid but specific to the respective, laboratory settings
(e.g., physical characteristics, equipment, etc.) used.
That such a possibility exists argues in favor of investi
gators assessing the nature of "natural" skin temperature
change within the context of their particular laboratory
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setting.

In addition to aiding the interpretation of data

from a particular laboratory, such information, if included
in published reports, would aid the comparison of results
emerging from different laboratories.
Another factor which has received attention regarding
the magnitude of change observed is the. level of baseline
skin temperature.

A high baseline skin temperature inter

acting with a "ceiling effect" may reduce the magnitude of
observed skin temperature increases.

A similar reduction

in the observed magnitude change would occur if baseline
values were extremely, low and one was interested in skin
temperature decreases.

In the latter case a control limit

is set through the operation of a "floor effect."

McDonagh

& McGinnis (1973) compared subjects with relatively high
mean skin temperature values (approximately 338C) to sub
jects with relatively low mean skin temperature values
(approximately 28°C).

They found that only subjects with

low mean skin temperature values significantly increased
skin temperature during biofeedback training.

These re

sults are supported by a skin temperature biofeedback study
recently conducted at Louisiana State University.

High

baseline skin temperature values appeared to be reliably
associated with reduced skin temperature increases.

Along

the same lines, Surwit, et al. (1976) fouiid that subjects
assigned to an increase temperature group had a mean change
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of only .25°C.

They surmised that high baseline values

in conjunction with a ceiling effect may have been the
cause of the low magnitude of change observed for in
crease subjects.

They therefore lowered the ambient

experimental chamber temperature to 19.5°C to lower the
basal digital temperature of subjects and then instituted
their training procedure for skin temperature increases.
This manipulation did not produce superior results.
In summary, the weight of experimental evidence has
tended to support the notion that the level of baseline
skin temperature is a determining factor in the magnitude
of skin temperature change observed subsequent to biofeed
back training.

The data on other individual differences

was found to be scant with the findings of most studies
being mixed and conflictual.

Clarity within this area of

inquiry requires further empirical investigation.
Mediatioii/Specificity issue
The mediation issue (Crider, et al., 1969; Katkin &
Murray, 1968) specifically refers to the fact that in order
to unambigously demonstrate that observed autonomic changes
are due to instrumental learning then the investigator must
be in a position to rule out the role of other voluntary
responses as "mediators."

Cognitive and somatic "mediators"
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have received the greatest amount of attention, from re
searchers (Crider, et. a l.,, 1969).
Cognitive Mediation. A number of earlier investiga
tions indicated that cognitive manipulations (e.g., thermal
suggestions, attitudes associated with certain diseases,
induced anxiety) made during hypnosis (Graham, et al.>
1958; Graham & Kerwich, 1965; McDowell, 1959) or during
the waking state (Crawford, et al., 1977; Hadfield, 1920;
Schultz & Luthe, 1959) resulted in significant temperature
changes in the expected direction for some subjects.

In

deed, post-training inquiries have often found that subjects
employ, on their own, a number of cognitive strategies in
an effort to induce temperature changes in the desired
direction (e.g., Steptoe, et al.,, 1974; Taub & Emurain,
1976).

However, the data from current studies consistently

yields the finding that cognitive manipulations made during
either hypnotic or waking states may facilitate a change in
skin temperature when used as an adjunctive technique but
when the sole method of inducing change is through cognitive
manipulations the effect is frequently less than that pro
duced by feedback and is observed in only a small proportion
of subjects (Roberts, et al.» 1974; Herzfeld & Taub,. 1980;
Herzfeld & Taub, 1977; Maslach, et al., 1972).

Somatic mediation.

The role that somatic maneuvers

play in the control of skin temperature has received re
latively little attention in comparison to the number of
investigations which have been reported in the heart rate
literature (Williamson & Blanchard, 1979).

Only one study

was found which treated somatic maneuvers as an independent
variable (King & Montgomery, 1981).
King & Montgomery (1981), used a pretest-trainingpostest design and found that at the end of training all
four experimental groups (i.e., autogenic instructions,
contingent auditory feedback, noncontingent auditory feed
back, and contingent auditory feedback plus suggestions to
use somatic maneuvers) showed a statistical difference from
baseline measures with no significant differences between
groups.

On the test for self-control only the contingent

auditory feedback plus somatic maneuvers group was signifi
cantly able to increase within-session and absolute finger
temperature.

However, there are three obvious methodologi

cal weaknesses in this experiment.

The first drawback is

that there were no controls over whether or not subjects
moved their fingers toward heat sources such as the palms
or body trunk.

Second, there was no "somatic maneuvers

only" group hence severely limiting any inferences regard
ing the contribution somatic maneuvers made independent of
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feedback.

Finally, there was no pre-training control over

the somatic maneuvers employed therefore leaving subjects
to choose their own idiosyncratic methods.

The particular

method used by a given subject was determined by means of
post-experimental inquiry.

It was found that subjects used

a variety of maneuvers including variation in rate and
depth of respiration, subjective reports of physical and
mental relaxation, and intermittent bouts of muscle tension
in various parts of the body.

At best the data yielded by

this study are suggestive.
Taub & Emurian (1976) in their study of bidirectional
skin temperature training and Roberts, et al. (1975) found
non-significant correlations between skin temperature
changes and EMG readings from either the forearm or hand
(taken from the same side on which training was directed).
These findings did not rule out the possible effects of very
subtle skeleto-muscular maneuvers nor did they rule out the
possible effect of skeleto-muscular maneuvers from other
body sites or central motor tendencies.
Steptoe, et al. (1974) attempted to control for the
possible effects of skeleto-muscular maneuvers by training
for a difference in skin temperature between the two ear
lobes.

By the end of training subjects could reliably
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produce a skin temperature difference on the order of
0.3°C.

EMG readings of the mastoids were not significantly

correlated with skin temperature changes but it was noted
that EMG activity was greatest on the side of the head of
the earlobe subjects were trying to warm.
Lynch, et al. (1976), in a study using two children,
attempted to control for somatic influences by training
for differential temperature between two fingers of the
dominant hand.

Learning trends were exhibited by both

children but only one demonstrated significant differences
in the desired direction and the magnitude of the differ
ences were small.

Lynch, et al. (1976) ruled out the role

of respiratory and skeleto-muscular maneuvers as mediators
on the basis of the task's response specificity.
In summary, the data suggest that cognitive mediators
can produce skin temperature increases and decreases in the
absence of feedback.

However, the magnitude of the observed

change is frequently less than the magnitude of change for
feedback only or feedback plus cognitive manipulation con
ditions.

On the issue of somatic mediation a recent in

vestigation by King & Montgomery (1981) indicates that
somatic maneuvers can be used to affect skin temperature
change.

However, a majority of investigators who have

attempted to determine the role that somatic maneuvers play
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In skin temperature control have concluded that somatic
mediation contributions are for the most part negligible.
Of course the data used to make the latter inferences are
based on correlations which are merely suggestive regard
ing cause-effect relationships.

It would appear that the

vast majority of subjects do not spontaneously learn to
use somatic maneuvers as a means of controlling skin tem
perature.

There is a need for more research investigating

the role of cognitive and somatic mediators as independent
variables in biofeedback research on skin temperature.
Physiologicial mechanisms
Barber (1975) has suggested that changes in autonomic
arousal, localized contraction and relaxation of specific
muscles, and direct changes in blood flow may all, at one
time or another, affect skin temperature control.

There

is ample evidence that autonomic arousal level is related
to skin temperature increases and decreases.

In studies

that have utilized both skin temperature and EMG feedback
(Fahrian, 1977? Baudewyns, 1976), with the focus being upon
the effect of stress and relaxation on the direction of
skin temperature change, it has been found that stress re
sults in skin temperature decreases.

Culver & Hauir (1972)

and Scott & Timmons (1974) have found an inverse relation
ship between the two physiological responses.

These
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findings tend to support the position of those who advance
the notion of central or higher-order regulating mechanisms
(Brener, 1974a, b{ Davidson & Schwartz, 1976; Obrist, 1976).
However, the support for this position appears to be con
fined to the direction of temperature change rather than the
magnitude of temperature change when one considers the negli
gible influence that cognitive and somatic mediators have
had on the magnitude of skin temperature change (see pre
vious section).

Therefore, type of physiological arousal

may be a necessary but not sufficient condition for signi
ficant changes in skin temperature magnitude to occur.

A

related factor which appears to have a direct bearing on
the magnitude of observed skin temperature changes is the
postulated ease with which subjects can produce a response
of general increased and lowered arousal.

In this regard,

Surwit, et al. (1976) have noted that, "As with other
autonomic responses it is easier to demonstrate increases
than decreases in 'arousal-like' responding.

Although the

average extent of learned vasodilation is modest, some sub
jects are able to learn to vasodilate to a considerable de
gree (p.247)."

This phenomenon may be a general problem of

learned control over the autonomic response system, since
similar results have been reported in the heart rate bio
feedback literature (see Williamson & Blanchard, 1979).
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Apart from the issue of general arousal, another line
of investigation has indicated that the learning of skin
temperature control has a high degree of anatomical spec
ificity (Taub, 1977).

Taub, in reviewing his own research

(Taub & Emurian, 1976; Slattery & Taub, 1976) as well as
that of others (Lynch, et al. 1974), notes that in the
initial training phases of skin temperature control there
is a general or diffuse temperature change across the hand,
finger, etc. (depending on the site being monitored) with
temperature change becoming highly specific to the site
from which the feedback is originating.

As training pro

gresses and the individual becomes more adept at skin tem
perature regulation, the degree of control decreases as the
site of measurement is moved further away from the locus from
which feedback originated.

In support of this notion of

anatomical specificity, Schwartz (1973) has noted that
blood flow increased at the thermistor measurement site
(i.e., a toe) but did not increase at another site (i.e.,
another toe) until it was specifically monitored.
In summary, the evidence would suggest that general
autonomic arousal affects the direction of change observed
in skin temperature biofeedback studies.

However, the

magnitude of change appears dependent on a complex interplay
of factors with little generalization of temperature control
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beyond those sites which are specifically monitored.
Temporal feedback factors
Although the latency of the feedback signal relative
to the monitored response (latency being determined either
in accordance with response units, e.g., beats per min, or
temporal units, e.g., 1.4 sec.) has been investigated as an
independent variable in the study of learned heart rate con
trol (Williamson & Blanchard, 1979c), there are not studies
within the skin temperature biofeedback literature which
have investigated the temporal parameters affecting learned
skin temperature control.
Feedback sensitivity
Within recent years three theoretical models have been
advanced in an effort to account for data emerging from
investigations of learned autonomic control.

An element

common to all three models (Brener, 1974a, 1974b, 1975;
Lang, 1974, 1975; Schwartz, 1972, 1974, 1975, 1976, 1977)
is that they have adopted principles derived from investi
gations of motor skills acquisition.

Schwartz' model

focuses on response patterning and physiological contraints
with little or no emphasis on feedback parametrics whereas
Lang's model deals exclusively with issues related to the
acquisition of HR control (Williamson & Blanchard, 1979b).
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For these reasons nothing more will be said about the
Schwartz & Lang models.
Brener's theoretical model .(1974a, 1974b, 1975, 1977)
is based on James' (1890) ideomotor theory of. voluntary
action and focuses on the role that discrimination of
interoceptive stimuli plays in the learned control of
autonomic responses.

He proposed that principles used to

understand learned control of skeleto-muscular movements
are equally applicable to learned autonomic control.
Brener has stated, "that the ability of subjects to dis
criminate the consequences of their actions is a pre
requisite to the development of instructional control over
those actions (Brener, 1974c, p.585)."

The notion behind

biofeedback applications is that the feedback signal, which
is an augmentation of the transformed internal autonomic
signal, increases the discriminable nature of interoceptive
sensations thereby facilitating learning.

Brener goes on

to propose that the discriminable external feedback signal
becomes functionally related to internal stimuli or signals,
through associative learning processes.
cess as "calibration."

He terms this pro

The end result is that this process

leads to a stored memory of the functional relationship
between response characteristics, and internal stimuli.
memory is referred to as the "response image."

This

The response
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image serves as an action program which when activated,
through either instructions or an external feedback stimulus,
produces the desired response.

It should be noted that the

model draws heavily upon the motor skills acquisition lit
erature and the information-processing literature.

As

Williamson & Blanchard (1979b) point out, the majority of
the available data on learned heart rate control support
hypotheses derived from Brener's model.

Such a finding

suggests that the application of motor skills acquisition
principles to the learned control of autonomic responses
may advance theoretical as well as practical knowledge con
cerning biofeedback learning.
The motor skills literature has for quite some time
recognized the importance of the informational content of
feedback provided to subjects relative to the ease with
which simple and complex motor tasks are acquired
(Bilodeau, 1969).
Continuous scale transformations, e.g., manipulation
of feedback sensitivity, is one parameter of feedback in
formational content which has received much attention in the
motor skills literature.

A continuous scale transformation

merely refers to a means of altering (electromechanically or
otherwise) the relationship between a monitored response and
the external feedback signal received by a subject in order

that the feedback signal will systematically magnify, re
duce, or represent realistically the magnitude and direction
of response error, accuracy, or relative change.

It has

been demonstrated that continuous scale transformations
effect, in predictable fashion, the learning of discrete
motor responses (e.g., E.A. Bilodeau, 1953; Noble &
Broussard, 1955) as well as the learning of continuous
motor responses (e.g.,.Battig, et al., 1955; Hartman &
Fitts, 1955).

In light of the effect that continuous scale

transformations (hereafter referred to as feedback sensi
tivity) have had on the learning of motor skills, several
recent investigations were undertaken at Louisiana State
University in an effort to determine if this parameter of
feedback informational content had an effect on learned
control of autonomic responses.
The first study investigated the effect of two levels
of feedback sensitivity on. learned heart rate increases
(Williamson, et al., 1981).

Two levels of sensitivity

were employed, high and low, with the low sensitivity feed
back condition producing exactly one-half as much feedback
meter needle displacement as the high sensitivity feedback
condition for a response of the same magnitude.

It was

found that the. less sensitive feedback condition produced
larger heart rate increases than did high feedback sensi
tivity.

As the authors pointed out, feedback sensitivity
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as a significant feedback parameter, has been virtually
neglected as an independent variable in studies of learned
heart rate control.
The next logical step was to determine if the effect
of feedback sensitivity on learned heart rate control was
applicable to the learned control of other autonomic re
sponse systems.

A second study investigated the effects

of three levels of feedback sensitivity on the. learned con
trol of skin temperature increases (Note 1).

The three

levels of feedback were low, moderate, and high.

The re

lationship between the three levels of feedback sensitivity
was such that for any given level of response magnitude
(i.e. , magnitude of skin temperature change) the high sen
sitivity group observed two times as much feedback meter
needle displacement as the moderate sensitivity group and
four times as much feedback meter needle displacement as the
low sensitivity group.

It was found that the moderate sen

sitivity feedback group produced greater skin temperature
increases than did either the low sensitivity or high sen
sitivity feedback groups.
The findings of the two L.S.U. studies wopld suggest
that for the. learning of heart rate control and the learn
ing of skin temperature increases there is an optimal level
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of feedback information resulting in higher subject per
formance levels relative to performance levels under con
ditions of greater and lesser feedback sensitivity,
A search of the literature found only one other study
which has reported the results of manipulating feedback
sensitivity as an independent variable in the study of
learned skin temperature control.

Packer (1980), in a

bidirectional skin temperature training study, examined the
effects of two levels of feedback sensitivity on attempts
to increase skin temperature.

She had a high sensitivity

feedback group and a low sensitivity feedback group.

She

used continuous analogue visual and auditory feedback.

The

high sensitivity feedback group received feedback that was
10 times more sensitive than the feedback received by the
low sensitivity feedback group.

There were no significant

differences between the two feedback sensitivity groups.
Feedback sensitivity was scaled to 0.01°F for a 10 cm. pen
deflection for the high sensitivity group and 0.10°F for a
10 cm. pen deflection for the low sensitivity group.

In

degrees centigrade these scale values convert to 0.006°C
for a 10 cm. pen deflection and 0.06°C for a. 10 cm. pen
deflection, respectively.

The high feedback sensitivity in

the Williamson, et al., study (Note 1) was scaled at 0.2°C
for a 10 cm. pen deflection.

Obviously, the two levels of
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sensitivity chosen by Packer (1980) were much higher than
even the highest sensitivity used in the Williamson, et al.,
study (Note 1).

Therefore, Packer's (1980) negative find

ings for a feedback sensitivity effect on learned skin
temperature increases is consistent with findings emerging
from the L.S.U. laboratory.
In summary, there is evidence indicating that feedback
sensitivity is a variable which does affect the magnitude
of learned skin temperature changes.

There is a need for

further research of the effect that various manipulations
of parameter characteristics have on the learning of skin
temperature control.
A review of the skin temperature biofeedback litera
ture, the motor skills acquisition literature, and results
of the Williamson, et al., (Note 1) study lead to several
possible promising avenues of research.
Bilodeau & Bilodeau (1961) note that the most important
variable controlling performance and learning is knowledge
of results.

As noted by Drowatzky (1975), researchers have

agreed, in general, on the following functional roles of
"knowledge of results (KR)":

a) it can serve to strengthen

habits through its reward value; b) it can serve as a dis
criminative stimulus for the evocation of established
habits; and c) it can enhance the motivation to perform
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via its incentive value.
In addition, an analysis of the task demands of com
plex and simple motor skills suggests that different train
ing procedures will differentially affect skill acquisition
(Bilodeau & Bilodeau, 1969; Drowatzky, 1975; Singer, 1978).
Fitts & Posner (1967) have described the learning of
a complex motor skill as having three phases.

During the

early phase a cognitive image of the task is developed.

It

is during this phase that, "A good instructor will call
attention to important perceptual cues and response char
acteristics and give diagnostic knowledge of results (Fitts
& Posner, 1967, p.11)."
identify errors.

The purpose of diagnosis is to

It has been noted that performance will

not improve initially unless feedback allows for the identi
fication and regulation of errors (Bilodeau & Bilodeau,
1961).

This phase therefore affords the individual an

opportunity to begin to roughly define, in his own terms
and based on his own performance, the nature of the task at
hand.

Relative to the role that knowledge of results plays

in accordance with the tripartite functions already men
tioned, it would appear that the primary role of feedback
sensitivity is motivational.

In the second phase, the

association of responses with information provided by the
feedback signal leads to the learning of specific responses.

During the second phase the individual learns to associate
internal sensations with external criteria indicative of
successful task performance.

It would appear that both the

motivational and reward functions of feedback sensitivity
are operating during this phase of skill acquisition.
Skills become sharpened and errors eliminated.

In the

final phase less cognitive control is required in order for
the skill to be performed.

Response speed and efficiency

continue to improve but at a decreasing rate as asymptotic
performance is approached.

The primary role of feedback

sensitivity is to evoke the already established habit.
External feedback plays a less dominant role at this point.
The parallel between this conceptualization of the
development of a complex motor skill and Brener's (1974a,
1974b, 1975, 1977) conceptualizations of the development of
learned autonomic control is obvious.

The first two phases

in biofeedback are contained in the training of response
control via a feedback display.

The. last phase refers to

the demonstration of self-control (i.e., control subsequent
to feedback training but in the absence of external feed
back) .

What might not be obvious is that the first two

phases involve the learning of closed-loop skill whereas
the latter phase refers to the learning of an open-loop
skill.

The importance of this distinction is that task
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requirements change whereby a transfer of skill is empha
sized.

Singer (1978) has noted that, "The instructional

strategy employed to teach a motor skill depend on the pur
pose for learning that skill (p.10)."
Furthermore, Singer (1978) indicates that if highly
skillful performance of a new skill within a short time
period is the goal of traininjg, then guided practice, i.e.,
the use of salient external feedback cues, would be the
desired teaching strategy.

However, if the goal of train

ing is transfer of mastery to settings where salient ex
ternal feedback is not available, then the training strat
egy should focus on mastery in the absence of salient ex
ternal feedback cues.

Therefore, the learning of a new

skill (e.g., skin temperature control) to be transferred to
a new setting (e.g., no-feedback) should begin with the
former training strategy and progress to the latter train
ing strategy.

Obviously, the trend in such a training

strategy is to fade-out the saliency of external feedback
cues.
Based on the foregoing discussion it appears that
there may be optimal levels of feedback sensitivity for
different types of tasks.

It is also conjectured that for

any given difficult skill acquisition task there may be
optimal, levels of feedback sensitivity that change as the
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phase of learning the subject is in changes.

In this re

gard, McNeil (1962) has emphasized a need for detailed and
sophisticated feedback that will change as subjects change
their performance.

As Drowatzky (1975) has written, "Smoll

(1972) indicates that an optimal level of exactness in the
feedback of skill exists.

However, the nature of this

level has not been adequately investigated (p. 101).*'

If it

is safe to assume that the learning of autonomic response
control is similar to the learning of a complex motor skill
and that the principles of motor skill learning are applica
ble to the learning of autonomic response control, then it
appears to be the case that investigation of feedback para
meters relative to the requirements of learning phase merits
further attention.

Asi already noted, Williamson, et al.

(1981) and Williamson, et al. (Note 1) appear to be the
only investigators, with the exception of Packer (1980),
who have manipulated feedback sensitivity as an independent
variable.

It is quite conceivable that if this variable is

as critical to response acquisition as has been suggested,
then many of the findings regarding low magnitude skin tem
perature changes and other such response parameters may be
in part due to a failure by researchers to systematically
investigate feedback sensitivity parameters.

In fact, the

vast majority of studies do not even report feedback
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sensitivity level in their method sections.
Problem
It was pointed out in the final section of the pre
ceding literature review that there is a need to further
examine the relationship between feedback sensitivity and
the learned control of skin temperature.

The study pro

posed here was designed to investigate that relationship.
The focus of training was the bidirectional control of fin
ger skin temperature.

Specifically, the study was designed

to address the following three questions:
1.

Is there an optimal level of feedback sensitivity
for the learning of finger temperature decreases
and increases?

2.

What effect does the consecutive presentation of
two different levels of feedback sensitivity (i.e.,
one immediately followed by the other during the
same training session) have on bidirectional fin
ger temperature control?

3.

Is biofeedback superior to instructions only in
the learning of bidirectional finger temperature
control?

The research design (see Figure. 1) was a four-factor
mixed-design with one between-group factor and three withingroup factors (repeated measures).

The between-group factor

was Group.

Group referred to the type of feedback train

ing received during two successive within-trial fiveminute feedback periods.

Three levels of feedback sen

sitivity were used; high, low and no feedback (instruc
tional control).

Each possible two-way combination of the

first two sensitivity levels (i.e., high & low) yielded
four possible training conditions.
were:

1)

Hi Hi* 2)

Lo Lo; 3)

The training conditions

Hi Los 4)

Lo Hi.

NOFB,

the fifth group, was an instructional control group which
at no time received feedback.

High feedback sensitivity

conditions yielded a 1 cm. change on the feedback display
for a 0.071°C finger temperature change.

Under low feed

back sensitivity conditions subjects received a 1 cm.
change on the feedback display for a 0.257°C finger temper
ature change.

One repeated measure was direction of in

structed skin temperature change, i.e., Increase or De
crease.

A second repeated measure was within-session

phases which were:

1)

skin temperature feedback during the

first five minutes of training with instructions to in
crease or decrease finger temperature; 2) skin temperature
feedback during the second five minutes of training with
instructions to increase or decrease finger temperature;
3) a no-feedback phase with instructions to increase or de
crease finger temperature.

Sessions, i.e., one and two,

a )T ria l one:decrease te m p e ra tu re

a

LoLo
c_ H iL o
O LoHi
NOFB
3

O

Fdbkl

Fdbk 2 NoFdbk
P hase

b)Trial tw o iin crease tem p e ra tu re

7,

.<9

eg*

2

Hi H i
Q. LoLo
3
O
C_ Hi Lo
0
LoHi
NOFB
Fdbkl

Fdbk 2

NoFdbk

P h ase
F ig u re 1; Three-dimensional design m a trix .
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was the third repeated measure.

Although the literature

reveiw indicated that studies seldom used fewer than three
training sessions, an analysis of the Williamson, et al.
(Note 1) finger temperature increase study found that sub
jects reached asymptotic performance within the first
training session.

It was assumed that the same would have

been true of finger temperature decreases, particularly
in light of the ease in which subjects have demonstrated
control over skin temperature decreases.

The results of

the Williamson, et al. (Note 1) study were used as a
justification for employing only two training sessions.
The hypotheses being tested were logically grouped
into two categories.

The first three hypotheses con

cerned feedback sensitivity efficacy relative to skill
acquisition specific to within-session training phase
of augumented feedback.

The second area of interest

was the effects of training on the development of selfcontrol .
Williamson, et al. (Note 1) found that a low level of
feedback sensitivity produced significantly larger finger
temperature increases during training than did a higher
level of feedback sensitivity.

The present study attempted

to replicate Williamson, et al.'s (Note 1) findings for
finger temperature increases.

There was no data regarding
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the relationship between feedback sensitivity and finger
temperature cooling.

This study attempted to extend know

ledge of feedback sensitivity effects to the area of finger
temperature decreases.

It was assumed that the relation

ship between level of feedback sensitivity and finger tem
perature decreases would be similar to the relationship
between level of feedback sensitivity and finger temperature
increases during training.

Thus a hypothesis emerged which

was formally stated as follows:
Hypothesis 1 - There is an optimal single level of
feedback sensitivity (i.e., Lo Lo)
which, when compared to other single
levels of feedback sensitivity (i.e.,
Hi Hi & NOFB), will produce mean finger
temperature increases and decreases of
statistically larger magnitude during
within-session training phases. The
expected ordering of groups receiving
a single level of feedback sensitivity
is Lo Lo % Hi Hi > NOFB for both finger
temperature increase and decrease mag
nitude of change scores.
The motor skills literature suggests that the best
training procedure would be one offering sensitive feedback
initially followed by. less sensitive feedback.

The prin

ciple underlying this notion is that error recognition
plays a primary role in the initial phase of learning with
this role becoming markedly lessened as mastery and com
petency develop.

There were two multiple feedback groups

in the design of this study, i.e. Hi Loi, Lo Hi.

The Hi Lo
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group was presented high sensitivity feedback followed by
low sensitivity feedback within any given training session.
The order of presentation was reversed for the Lo Hi group.
Hypothesis 2 = Formally stated, it was expected that
the Hi Lo group would produce mean fin
ger temperature increases and decreases
of significantly greater magnitude than
the mean temperature changes produced
by the Lo Hi group.
As noted above, the motor skills literature suggests
that a training condition on the order of the Hi Lo group
should be the best possible means of effectively utilizing
feedback.

Therefore, when comparing the magnitude of fin

ger temperature change achieved by all groups during train
ing it was expected that the Hi Lo group would produce the
largest mean finger temperature changes.

The Lo Hi group

was not expected to do any better than the Hi Hi group
since the focus of training was on error recognition per
se rather than mastery.

Since it was expected that the

Lo Lo group would perform better than the Hi Hi group then
it follows that the Hi Hi & Lo Hi groups were, in principle,
somewhat equivalent relative to training goals*
Hypothesis 3 = Formally stated, it was expected that
statistical analysis of mean finger
temperature change achieved during
training, by group, would result in the
following ordering of groups: Group
Hi Lb > Lo Lo > Group Hi Hi ■ Group Lo
Hi > Group NOFB.
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The preceding three hypotheses were specific to the
effects of feedback sensitivity on observed magnitude of
finger temperature change during training per se.

The last

two hypotheses addressed the effects of training on the
development of self-control.
It was pointed out in the review that the results of
the limited number of studies which have employed experi
mental designs adequate to test the effects of self-control
have, in general, supported the superiority of feedback over
mere instructions in the development of self-control.

By

having an instructional control group (i.e., NOFB) the de
sign of thisstudy

allowed for the testing of training

effects onthedevelopment
Blanchard, 1979).

of self-control (Williamson &

The mean finger temperature changes

achieved by each group during the no-feedback withinsesslon phases were the data of interest.

The first hypoth

esis regarding this data, was formally stated as:
Hypothesis 4 = There will be a significant training
effect such that groups receiving feed
back will have statistically larger mean
finger temperature changes during the
self-control phase than subjects in the
instructional control group. Another
way of stating this is: Hi Hi, Lo Lo,
Hi L o , Lo Hi > NOFB for mean finger
temperature changes during no-feedback
within-session phases.
It will be noticed that this was an attempt to replicate
the general trend in the literature wherein feedback has
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been fouxid to be superior to instructions alone in the
acquisition of self-control.

However, it was conjectured

that this hypothesis applied in-full only to the selfcontrol of finger temperature decreases.

The following

paragraph provides an explanation of the latter restric
tions.
When discussing skill acquisition it has been necessary
to consider the complexity or difficulty of the skill in
question (Bilodeau & Bilodeau,. 1969; Drowatzky, 1975;
Singer, 1978).

The discussion, in the preceding literature

review, of the observed magnitude of skin temperature change
suggested that learning to control skin temperature increases
may be a more difficult task to learn than skin temperature
decreases.

The idea presented was that the. learning of skin

temperature increases is more similar to the learning of a
complex motor skill than is the learning of skin temperature
decreases.

If this is the case then one would expect that

the level of feedback sensitivity employed per se and the
degree of correspondence between training phase character
istics and learning phase characteristics would interact
with direction of instructed change (i.e., task complexity)
to produce differential results.

Intuitively, it makes

sense that the more complex or difficult a task then the
greater the need for optimal levels of feedback sensitivity
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in order to assure maximum potential gain and therefore a
greater likelihood of successful transfer.

One would ex

pect the difference to be most marked in the absence of
feedback, where mastery of transfer of training is the
issue.

Given the foregoing it was expected that the Lo Lo

group would be superior in self-control when compared to
other groups which received only one level of feedback sen
sitivity (i.e., Hi Hi & NOFB).
In addition, the motor skills literature has suggested
that the best training procedure for the transfer of closedloop skill acquisition (e.g., biofeedback) to open-loop
skill mastery/competency (e.g., self-control) is one which
begins with high feedback sensitivity followed by a lower
level of sensitivity during mastery training, followed by
removal of augmented external feedback.

The proposition is

that a training procedure which uses a fading-out of ex
ternal feedback sensitivity should provide maximum potential
for the learning of self-control.

Therefore, it was ex

pected that the Hi Lo group would show significantly more
self-control in comparison to all other groups, including
the Lo Lo group, for finger temperature increases.

The Lo

Hi group was not expected to be significantly different in
self-control performance from the Hi Hi group.

Of all groups

it was expected that only the Hi Lo & Lo Lo groups would
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show statistically meaningful finger temperature increases
with the Hi Lo group showing the largest magnitude of fin
ger temperature warming.

Formally stated:

Hypothesis 5 = The Hi Lo group will have mean finger
temperature increases greater than any
other group, during the self-control
phase. The ordering of groups will be:
Hi Lo > Lo L o > Hi Hi = Lo Hi - NOFB.

Method

Subjects
Fifty undergraduate students recruited from introduc
tory psychology courses at Louisiana State University were
randomly assigned to four experimental and one control
training group.
five females.

Each group was comprised of five males and
Three groups received a single, level of feed

back sensitivity (low, high, none) and two groups received
multiple levels of feedback sensitivity (high and low).
All groups which received feedback were provided visual ana
logue feedback on finger temperature of the left index fin
ger.

All subjects received extra course credit for partic

ipating in the experiment.

Apparatus
A Grass Model 7 polygraph was used to record all tar
geted physiological measures.

The targeted physiological

responses measured were finger temperature, heart rate,
skin resistance, respiration and EMG.

The R wave of the

raw EKG was automatically counted by a Med Associates
Threshold Comparator (ANL-300).

Response recording of

skin temperature, skin resistance, and respiration used
Grass Instruments 7P1 pre-amplifters.
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Response recording
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of integrated forearm EMG and EKG used Grass Instruments
7F5 pre-amplifiers.

Skin temperature, integrated EMG, and

heart rate were printed at 10 second intervals by using a
Med Associates Compatible Printer (DIG-900).

Skin tem

perature was recorded using a Med Associates Differential/
Absolute Temperature Signal Conditioner (ANL-410).

A Med

Associates needle feedback display meter (AML-920) with a
full-scale meter deflection of 7 cm. was used to provide
finger temperature biofeedback.

The voltage output of

the skin temperature channel was converted into a needle
deflection that changed proportionally to changes in fin
ger temperature.

Feedback sensitivity was manipulated by

calibrating the temperature channel so that a 0.25°C change
in finger temperature was equivalent to a 10 cm. pen de
flection for the high level of sensitivity and a 3.8 cm.
pen deflection for the low level of feedback sensitivity.
Feedback needle deflections of 1 cm. correspond to momen
tary finger temperature changes of 0.071°C and 0.271#C
for high and low feedback sensitivity, respectively.
Therefore, the high feedback sensitivity condition pro
vided feedback 3.96 times more sensitive to finger tem
perature change than the low feedback sensitivity condition.
The feedback meter displayed feedback in the form of needle
movement along a metric scale (i.e., centimeters) and not
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along a temperature scale (i.e., centigrade).

In order to

increase the amount of "knowledge of results" provided by
the display apparatus, a cardboard visual display was
created which indicated the amount of finger temperature
change corresponding to one, two...seven cm. of needle
deflection.

There were two such supplemental displays,

one for high sensitivity feedback and one for low sensitiv
ity feedback.

The supplemental displays were attached to

the meter casing, directly below the needle display.

Med

Associates solid-state logic and programming equipment
automatically controlled the timing of all trials and the
presentation of all within-session instructional stimuli*
i.e., red, green, and yellow lights.
The experiment was run in a two room laboratory.

This

environment allowed subjects to be isolated from the re
cording equipment and experimenters during the experimental
sessions.

The experimental chamber was sound attenuated

with floor dimensions of 10 ft. x 12 ft.

An intercom

system allowed for two-way communication between experimen
ter and subject during the sessions.

A one-way mirror pro

vided the experimenter visual contact with the subject dur
ing the sessions.

The ambient room temperature of the ex

perimental chamber was kept at 72°F (+ 2°F) by means of an
independent adjustable thermostat.

All experimental
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sessions were run at a pre-selected, level of light inten
sity within the experimental chamber.

A dimmer switch,

potentiometer, with a setting mark allowed for the. light
ing adjustment.
Subjects were seated in a cushioned recliner located
approximately 0.75 meters directly in front of the feedback
display meter and instructional lights.

The instructional

lights were part of a Med Associates three-color display
(DEG-935).

Labeling of the color display, e.g., green

light raise finger temperature, was provided as an in
structional reminder.
A yellow springs thermistor, placed on the end of the
left index finger (palmar surface), was used for the re
cording of finger temperature.

A tongue depressor attached

lengthwise to the back of the left index finger was used to
prevent the subject from moving the thermistor toward heat
sources such as the palm.

A strain guage attached to a

respiration belt with transducer placement between the
nipple line and base of the sternum was used to record
respiratory responses.

Stainless steel plate electrodes

were placed on the subject's legs, near the ankle, and
wrist of the left arm for the recording of EKG.

Skin

resistance was recorded using two Beckman silver/silver
chloride electrodes, one placed on the middle finger
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(palmar surface), third joint, of the. left hand and one
placed on the third finger (palmar surface), third joint,
of the left hand.

Forearm EMG was measured using three

Beckman silver/silver chloride electrodes, one ground and
two active electrodes.

The electrodes were placed over

the belly of the forearm muscle in a line parallel with
the underlying bone.

Electrode placement began at a dis

tance of approximately 2.0 cm. from the cubital fossa with
the separation between successive electrodes being approxi
mately 4.0 cm.

The center electrode was the ground elec

trode .
Procedure
All subjects received two one-hour sessions of finger
temperature biofeedback.

Each session consisted of one

finger temperature decrease trial and one finger tempera
ture increase trial.

Each trial consisted of the same four

within-trial phases.

Table 1, a flow-chart, shows session,

trial within-session, and phase within-trial.
The first few minutes of the adaptation phase were used
for electrode attachment.

Following electrode attachment,

the experimenter informed the subject of the study's pur
pose and instructed the subject as to the role and function
of the equipment; how to employ the equipment; and how to
perform during the experiment.

The content of the

Table 1
Temporal and order configuration of session components

Session 1
Trial 1 - Decrease
Adaptation
10 min.

BSLN

Trial 2 - Increase

FDBK 1

FDBK 2

S.C.

Rest

BSLN

FDBK 1

FDBK 2

S.C.

5 min. 5 min.

5 min.

5 min.

5 min.

5 min. 5 min.

5 min.

5 min.

Session 2
Trial 1 - Decrease
Adaptation
10 min.

BSLN

Trial 2 - Increase

FDBK 1

FDBK 2

S.C.

Rest

BLSN

FDBK 1

FDBK 2

S.C.

5 min. 5 min.

5 min.

5 min.

5 min.

5 min. 5 min.

5 min.

5 min.

O'

o

instructions varied dependent on whether a subject was in
a group receiving a single level of feedback sensitivity,
two levels of feedback sensitivity, or no feedback.

In

each case the experimenter used a type written set of in
structions as a format for the giving of verbal instructions
to the subjects.

Appendices A, 6, and C are copies of the

three different sets of type written instructions.

It

should be noted that originally subjects were to be re
quired to read the set of written instructions appropriate
to the training condition they would receive.

The pro

cedure was too cumbersome and time consuming thereby re
sulting in an abandonment of the procedure and adoption of
verbal instructions.

Any questions the subject had regard

ing the instructions or the nature of the task were
answered by the experimenter.

Before leaving the experi

mental chamber the experimenter instructed the subject
to sit quietly, i.e., rest, for the remainder of the
adaptation phase.

The goal of these instructions was re

duction in response bias due to factors such as pre-session
activity/exercise, pre-baseline activity, etc.; these in
structions were applicable to the remaining session.
Although the baseline phase was analyzed separately
it was in actuality a five minute continuation of the
adaptation phase.

The feedback meter was not operational
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during adaptation, or baseline, .phases.
The color display was operational during all phases
for all groups.

Illumination of the green light signalled

an instuction to increase finger temperature.

Illumination

of the yellow light signalled an instruction to decrease
finger temperature.

Illumination of the red light signalled

an instruction to rest.
pose:

The red light served a second pur

a blinking red light, i.e., three blinks during feed

back, indicated to the subject that the experimenter was
resetting the feedback needle to the center line.

This

procedure was necessary in order for the subject to pro
perly interpret the meaning of feedback needle movement
produced by the experimenter.

Resetting was necessary due

to inherent physical limits of the feedback meter for repre
senting uninterrupted and continuous change.
Visual analogue feedback was provided by the meter
directly in front of the subject.

Movement of the meter

needle to the right of the center line represented a finger
temperature increase.

Movement of the meter needle to the

left of the center line represented a finger temperature
decrease.

Feedback was provided during feedback phases as

designated in Table 1.

All subjects who received feedback

were informed at the beginning of each session, by the ex
perimenter, of the contingent relationship between the
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level(s) of sensitivity they were going to receivet needle
displacement, and magnitude of temperature change.

The

level and order of feedback sensitivities presented during
the two within-trial feedback phases were as follows:
Group

FDBK 1

FDBK 2

Hi Hi

High

High

Lo Lo

Low

Low

Hi Lo

High

Low

Lo Hi

Low

High

NOFB

None

None

A blue light was situated to the right of the feedback
meter cabinet and a white light was situated to the left of
the feedback meter cabinet.

An illuminated blue light sig

nified high sensitivity feedback was being provided.

Ilium'

ination of the white light signified that low sensitivity
feedback was being provided.
tional for the NOFB group.

These lights were not opera
The Hi Hi group never observed

the white light illuminated whereas the Lo Lo group never
observed illumination of the blue light.

Turning off the

blue light and illuminating the white light, or vice versa,
signalled a change in the level of feedback sensitivity for
the Hi Lo & Lo Hi groups, respectively.
The order of finger temperature increase and decrease
trials was not counter balanced.

All groups began with a
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decrease trial followed by an increase trial.

There were

two reasons for not counter balancing the direction of
instructed change.

The first reason was that the. litera

ture review concluded that high baseline skin temperature
interacted with a "ceiling effect" to produce low magnitude
skin temperature increases.

Thus it made sense to have

finger temperature decrease trials precede finger tempera
ture increase trials, across subjects and sessions.

By

using this procedure it was expected that the likelihood
of observing large magnitude finger temperature increases
was improved as vasoconstriction should have reduced the
impact of habituation effects.

Secondly, vasoconstriction

appeared to be a more easily learned response than vaso
dilation for most subjects, which was expected to have a
positive effect on motivation and incentive to attain
mastery.

In addition, Surwit, et al. (1976) have proposed,

based on their findings, that subjects may have to learn to
vasoconstrict before learning to vasodilate because of the
ease with which "arousal like" responses are produced.
Data Reduction
Continuous recordings of digital skin temperature, in
tegrated forearm EMG, EKG, skin resistance, and respiration
were made during all phases of each experimental session.
Digital skin temperature, integrated forearm EMG, and
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EKG were quantified using a Med Associates Analogue to
Digital Converter (AML-940).

The quantified data were

printed at 10 second intervals using a Med Associates
printout counter.

Respiration and skin resistance were

obtained directly from the polygraph record.

All data were

reduced to a mean response, by measure, for each five minute
within-session phase for both increase and decrease trials.
Digital skin temperature means were obtained by summating the numerical print-out for each 10 second interval
occurring within the designated phase.

This sum was divided

by 30 (the number of 10 second intervals within a five min
ute period).

This calculation produced a mean finger tem

perature score per phase.

Therefore, each subject had four

means per trial, 8 means per session, and 16 means per sub
ject across session.

Mote that these numbers were the same

for each of the other four dependent measures and therefore
are not listed as a product of reduction for each measure,
as it would be redundant.

In the case of artifact due to

human error, machine error, or subject behavior the data
was corrected by subtracting out the summated quantity of
all biased. 10 second intervals.

The corrected total was

then divided by the new, corrected totali number of intervals
on which the mean was based.

This technique of adjusting

for artifact was the same for all dependent measures.

Visual
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inspection of both the print-out tape and the polygraph
record, as well as other observations, helped in determin
ing if an instance of artifact occurred.
At 10 second intervals the printer provided a fre
quency count of the number of R waves of the EKG.

Summa

tion of all 10 second interval data, within a five minute
phase period, divided by the total number of intervals
(i.e., 30) provided a measure of mean heart rate (average
beats per minute) for each five minute phase period.
Integrated forearm EMG was also quantified at 10
second intervals.

The same method described above for ob

taining the mean response per phase for finger temperature
and heart rate was used for determining the mean integrated
forearm EMG response.

One millimeter of pen deflection

equalled one micro volt of EMG.

EMG was rounded to the

nearest one micro volt for each 10 second interval.
Measurement of skin resistance was in kilo ohms with
each one millimeter of pen deflection equal to 0.5 kilo
ohms.

The absolute value of skin resistance was time

sampled at 10 second intervals.

Skin resistance was

rounded to the nearest 0.5 kilo ohm.

The value of 10

second intervals per phase was summed and the quantity ob
tained was divided by the number of intervals the sum was
based on during the five minute period.

This method
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yielded a mean skin resistance response in kilo ohms for
each five minute phase period.
A copy of the data in the reduced form as described
above was preserved for statistical analyses.

However,

magnitude of change refers to the quantified difference
in measured response during baseline and later phases.
Since all hypotheses tested made reference to the signifi
cance of magnitude of change, the data was transformed to
more fully reflect a change or difference between baseline
levels and levels for the other three phases.

This trans

formation was accomplished by substracting the mean base
line response value for a given measure, within-trial, from
each of the other mean phase values for that response,
within-trial.

Difference scores with a positive sign in

dicated an increase from baseline.

Difference scores with

a negative sign indicated a decrease from baseline.
Data Analyses and Expected Results
The first analyses performed were five 5 x 2 x 2 x 2
ANOVAs for a mixed design with two between-group factors
and two within-group factors.

A separate analysis was run

for each of the five dependent measures.
One between-group factor was Group, which had five
levels, i.e., Hi H i , Lo L o , Hi L o , Lb H i , NOFB.

The other
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between-group factor was Sex, which had two levels, i.e.,
male and female.

One within-group factor was Session,

which had two levels, i.e., one and two.

The other within-

group factor was Trial, which also had two levels, i.e.,
one and two.

The data of interest for these analyses was

baseline data, therefore data from the other three withintrial phases was dropped for these analyses.
The purpose of these analyses was to determine if
there were any significant main effects and/or significant
interactions for baseline data by Group, Session, and Trial
for each of the five dependent measures.

This type of

analysis was particularly relevant to skin temperature in
order to determine the comparability of resting finger tem
peratures between groups as well as the nature of skin tem
perature recovery from trial one to trial two withinsession.
No significant effects, simple or interactional, were
expected to be found, thereby indicating that there were no
significant group differences between mean baseline, levels
for finger temperature.

The absence of significant differ

ences would also indicate that adequate finger temperature
level recovery had been obtained between decrease and in
crease trials.
It was determined that if significant effects were
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found, the information obtained would be used to qualify
results obtained by performing analyses using difference
scores.

Analysis of baseline level differences for the

other four dependent measures was largely exploratory in
nature.
The next analyses performed were a series of Multiple
Linear Regression Analyses with finger temperature as the
criterion variable and heart rate, forearm EMG, respira
tion, and skin resistance as the predictor variables.

The

analyses used "phase minus baseline" difference scores as
the data of interest.

A separate analysis was done for

each of the five experimental groups.
The purpose of these analyses was to evaluate the
role of somatic mediation in the learning of finger tem
perature control, by group.

It was expected that the

amount of variation in finger temperature accounted for by
the predictor variables would be negligible.

Therefore,

it was expected that obtained correlation coefficients
would not be significantly different from zero.

Further

more , it was expected that if any correlations were signifi
cantly different from zero then the size of the absolute
value of the correlation coefficient would be less than
.50, as determined from previous work conducted at
Louisiana State University.
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The six experimental hypotheses were tested using a
5 x 3 x 2 x 2 x 2

ANOVA for a mixed design with two between-

group factors and three repeated measures or within-group
factors.
One between-group factor was Group, which had five
levels, i.e., Hi Hi, Lo Lo, Hi Lo, Lo Hi, NOFB.

The other

between-group factor was Sex, which had two levels, i.e.,
male and female.

The within-group factors were:

Session,

two levels, i.e., one and two; Trial, two levels, i.e., one
(decrease) and two (increase); and Phase, three levels, i.e.,
FDBK 1, FDBK 2, Self-control.

The five dependent measures

were heart rate, forearm EMG, skin resistance, respiration,
and finger temperature.

A separate 5 x 3 x 2 x 2 x 2

was run for each of the dependent variables.

ANOVA

The hypotheses

made predictions regarding observed skin temperature changes.
The analyses of the other four dependent variables was ex
ploratory.

The data analyzed for each of the five depen

dent variables was formatted as difference scores.

The

difference scores were obtained by substracting the mean
baseline value, per trial within session, for the measure
being analyzed, from the mean value of that measure for
each of the feedback phases, per trail within-session.

Results

Baseline
Finger temperature.

Table 2 Is an ANOVA summary

table for finger temperature mean baseline levels.

As can

be seen, the only significant effect was a first-order
interaction between Sex and Trial, F (1, 40) ** 20.38,
2

>< .0001.

The two sexes had comparable mean levels on

trial one (M * 32.3°C) but disparate mean levels (male,
M = 33.0°C; female, M ■ 31.2°C) on trial two.

Therefore,

neither sex showed recovery to original baseline level
within session.

Male finger temperature level increased

from BSLN 1 to BSLN 2, whereas female finger temperature
level showed the opposite trend.
The expectancy of no significant effects involving
the variable group was borne out.

Therefore, baseline

finger temperature level was comparable across experimental
and control groups.
Forearm EMG, Heart Rate, Skin Resistance, Respiration.
Analysis of baseline levels for forearm EMG (EMG), heart
rate (HR), skin resistance (SR), and respiration (Resp.)
are summarized in Tables 3-6, respectively.
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Table 2
Analysis of Variance Summary Table:
Finger temp., M BSLN

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
4
40
1
4
1
4
40

22.50
43.34
11.31
84.65
109.37
47.45
12.75
16.56
63.10

Trial (D)
A x D
B x D
A x B x D
Error W 2

1
4
1
4
40

1.67
1.83
40.59
2.87
1.99

C
A
B
A

1
4
1
4
40

3.46
2.62
2.76
1.17
1.30

x
x
x
x

D
C x D
C x D
B x C x D
Error

*£<.0001

MS

F
0.27
0.51
0.13
1.73
0.75
0.20
0.26
0.84
0.92
20.38*
1.44
2.66
2.02
2.13
0.90

Table 3
Analysis of Variance Summary Table:
EMG, M BSLN

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error
Trial (D)
A x D
B x D
A x B x D
Error 2
C x D
A x C x D
B x C x D
A x B x C x D
Error

4
1
4
40
1
4
1
4
39
1
4
1
4
40
1
4
1
4
39

* £ < 0.0004

MS
48393.68
217912.16
801343.12
491684.45
24984.10
151369.20
330433.03
263011.60
225345.64
1508630.02
91373.69
124311.31
104360.08
99884.85
145233.40
90489.64
520.17
64330.78
69969.25

F
0.10
0.44
1.63
0.11
0.67
1.47
1.17
15.10*
0.91
1.24
1.04
2.08
1.29
0.01
0.92

74Table 4
Analysis of Variance Summary Table:
HR, M BSLN

Source

df

MS

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
4
40
1
4
1
4
40

Trial (D)
A x D
B x D
A x B x D
Error W 2

1
4
1
4
40

754.57
1764.18
967.32
609.22
74.42
58.53
4.50
188.71
123.80
224.72
18.21
38.72
26.96
17.30

C
A
B
A

1
4
1
4
40

9.68
3.99
9.68
3.09
13.71

x
x
x
x

D
C x D
C x D
B x C x D
Error

*£<0.0009

F
1.24
2.90
1.59
0.60
0.47
0.04
1.52
12.99*
1.05
2.24
1.56
0.71
0.29
0.71
0.23
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Table 5
Analysis of Variance Summary Table:
SR, M BSLN

Source
Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error w-^
Trial (D)
A x D
B x D
A x B x D
Error Wj
C
A
B
A

x
x
x
x

D
C x D
C x D
B x C x D
Error Wg

*£ < 0.0006

df

MS

4
1
4
40
1
4
1
4
40
1
4
1
4
40

4949.30
9244.21
17143.32
12898.54
10361.52
1512.92
676.09
5855.07
4246.75
11892.13
762.24
1437.34
593.42
868.13

1
4
1
4
40

996.26
453.50
35.14
22.65
427.59

F
0.38
0.72
1.33
2.44
0.36
0.16
1.38
13.70*
0.88
1.66
0.68
2.33
1.06
0.08
0.05
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Table 6
Analysis of Variance Summary Table:
Resp., M BSLN

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
4
40
1
4
1
4
40

11.90
80.48
17.12
41.47
4.00
5.74
9.22
3.07
5.79

0.29
1.94
0.41

Trial <D)
A x D
B x D
A x B x D
Error W 2

1
4
1
4
40

3.47
10.68
0.02
3.15
5.53

0.63
1.93
0.00
0.57

C
A
B
A

1
4
1
4
38

0.00
2.79
4.88
4.23
2.50

0.00
1.12
1.95
1.69

x
x
x
x

D
C x D
C x D
B x C x D
Error

MS

F

Source

0.69
0.99
1.59
0.53
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these tables shows that the only significant differences
were Trial main effects for EMG, F (1, 40) ■ 15.10,
2<.0001; HR, F (1, 40) - 12.99, £*.0009} and SR, F
(1, 40) - 13.70, £<.0006.

Comparison of mean trial level,

by measure, indicated that in each case the mean level for
BSLN 2 was significantly lower than the mean level for
BSLN 1.

There were no significant differences for Resp.

mean baseline levels.

These data support the contention

of within-session habituation effects as well as the gen
eral expectancy of no baseline differences between groups
on dependent measures.
Somatic Mediation
The results of multiple linear regression analyses, by
group, with finger temperature as the criterion variable
and HR, EMG, SR, and Resp. as the predictor variables are
summarized in Table 7.
It was expected that obtained correlations would be low
and non-significant.

Inspection of Table 7 indicates that

this was the case for the Hi Hi, Hi Lb, Lo Hi, and NOFB
groups.

The Lo Lo group obtained a multiple R of -.60 which

was significantly different from zero at the .01 level of
significance, F (4, 33)

4.61.

Examination of beta weights,

all of negative sign, indicated that EMG and HR beta weights

Table 7
Multiple Correlation Coefficients, Coefficients of
Determination, and Beta Weights for the Criterion
Variable, Finger Temperature, by Group

Group

Multiple
Correlation

Coefficient
of
Determination

Beta Weights for Predictors
. HR

. '.EMG

.

Resp

SR

0.92
-1.05
1.00
0.81
-0.05

0.07
-2.92**
-0.30
0.12
0.60

,

Hi Hi
Lo Lo
Hi Lo
Lo Hi
NOFB

-0.28
-0.60**
0.35
0.25
0.12

0.08
0.36
0.12
0.06
0.01

-1.02
-2.12*
-1.93
0.47
-0.05

-1.31
-2.60*
0.86
1.25
-0.22

*p < .05
**£ < .01

-j

CD
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were significantly different from zero at the .05 level of
significance with the SR beta weight significant at the
.01 level.

The beta weight for Resp. was not signifi

cantly different from zero.

Based on beta weight size,

the greatest contribution to the prediction equation was
by SR, followed by EMG, HR and Resp., in that order.

Ah

inverse relationship existed between the criterion variable
and the predictor variables.

As a group the predictors

accounted for approximately 36% of the variance in finger
temperature.
The predictors accounted for a smaller amount of
variation in finger temperature for the other four groups.
For example, the predictors accounted for approximately
one percent of the variation in finger temperature for
the NOFB group.
The implication of the multiple correlation analyses
is that a significant and unexpected relationship existed
among the dependent physiological measures for one specific
level of feedback (Lo Lo) and not for the other levels of
feedback sensitivity utilized.
Training Effects
Finger temperature.

Table 8 is an ANOVA summary table

for finger temperature difference scores.

Review of this

table indicates that none of the six experimental hypotheses
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were supported as there was no Group main effect nor was
the variable Group involved in any first-order or higherorder interactions.

Thus, it must be concluded that

although groups differed in the type of feedback they re
ceived, this difference was not reflected in learned finger
temperature control.
There was a significant main effect for Sex, F
(4, 40) = 8.38, £ < .006.

Males showed an overall increase

in finger temperature (M ■ .29°C) whereas females showed
an overall decrease in finger temperature (M = -.25°C).
There was also a significant Trial main effect, F
(1, 40) = 5.05,

£< . 0 3 .

Comparison of level means in

dicated that subjects increased finger

temperature by an

average of .18°C during trial one and decreased finger
temperature by an average of .15°C during trial two.

This

finding was unexpected since the instructed direction of
finger temperature change for trials one and two was de
crease and increase, respectively.
Two first-order interactions, Sex x Trial, F
(1, 40) ■ 7.58,

£ < . 0 0 8 and Sex x Phase, F (2, 80)

«= 3.52,

£ < . 0 3 , qualify the two preceding main effects.
The Sex x Phase interaction revealed that when sub
jects' finger temperature response was averaged across phase,
irrespective of trial, males tended to increase finger

81
Table 8
Analysis of Variance Summary Table:

Finger Temp.

(Difference Scores)

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
40
1
4
1
4
40

4.46
43.47
3.66
5.19
1.22
3.70
7.19
1.06
3.05

Trial (D)
A x D
B x D
Ax B x D
Error w«

1
4
1
4
40

16.24
4.90
24.36
1.85
3.21

C
A
B
A

D
C x D
C x D
B x C x D
Error

1
4
1
4
40

6.26
1.66
0.13
6.14
3.82

1.64
0.43
0.03
1.61

Phase (E)
A x E
B x E
A x B x E
Error w.

2
8
2
8
80

0.69
0.21
1.63
0.84
0.46

1.48
0.46
3.52*
1.82

D
A
B
A

2
8
2
8
80

0.72
0.08
0.48
0.36
0.40

1.78
0.19
1.19
0.88

2
8

0.46
0.31

0.15
0.10

x
x
x
x

x
x
x
x

E
D x E
D x E
B x D x E
Error

C x E
A x C x E

MS

F
0.86
8.38**
0.71
0.40
1.21
2.36
0.35
5.05*
1.52
7.58**
0.57
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Table 8 (continued)

Source

df

MS

B x C x E
A x B x C x E
Error Wg

2
8
80

0.23
0.22
0.33

0.08
0.07

C
A
B
A

2
8
2
8
80

0.39
0.62
0.35
0.64
1.83

0.21
0.34
0.19
0.35

x
x
x
x

D x E
C x D x E
C x D x E
B x C x D x E
Error Wy

*p <.05
**E <.01

F
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temperature for all three training phases whereas females
showed the opposite tendency in that they decreased for
all three phases.

Employment of Newman-Keul's statistical

procedure for specific comparisons within a mixed design
showed that the mean response per phase for males was
significantly different from the mean response per phase
for females with no within-sex differences at the .05
level of significance.
The finding which offers the greatest amount of ex
planatory power is the Sex x Trail interaction which is
graphically represented in Figure 2.

Inspection of this

figure indicates that females did indeed consistently de
crease finger temperature as was indicated by the signifi
cant Sex main effect and the significant Sex x Phase in
teraction.

However, in the case of males it is evident

that males did not increase finger temperature across all
phases and for both trials as was suggested by the signifi
cant Sex main effect.

In fact, males tended to decrease

finger temperature, on an average, by 0.08°C during trial
two.

However, this tendency was apparently masked in the

other analyses by the large magnitude mean finger tempera
ture increase (M = 0.65°C) for males during trial one.
can also be concluded that the mean response for males

It

84

M a le j

j

.7 0

Fem a le
.6 0 _
.5 0
.4 0 _

Degrees

C entigrade

.3 0 _

,2 0 _
.1

0

-

Bs I n
-.1 0

-.20 _
-.3 0 _
-.4 0
- .5 0

-.6 0
-.7 0

T r ia l
Figure 2: Mean finger tem p eratu re (d ifferen c e score)
acro ss tr ia l by sex.
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during trial one accounted for the significant Trial main
effect.

This conclusion is based upon the findings of

post-hoc tests showing that the mean skin temperature
change during trial one was significantly different from
the mean response of females during trial one, females
during trial two, and males during trial two, in that
order.
The failure to find differences between groups re
ceiving feedback versus no feedback and feedback phases
versus no-feedback phases suggests that the effects ob
served were due to factors other than type and level of
feedback.
Heart Rate.

The analyses performed on this variable

and the following dependent measures were exploratory,
therefore ,there were no hypotheses to accept or reject.
Table 9 is an ANOVA summary table for HR.

There was

significant main effect for Trail, F (1, 40) = 4.37,
2

<.04.

Comparison of trial means showed that during trial

one subjects reduced their mean heart rate by 0.50 beats
per minute and during trial two increased their mean heart
rate by 0.75 beats per minute.
Trial interacted with Phase to produce a significant
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Table 9
Analysis of Variance Sunimary Table:

HR

(Difference Scores)

MS

F

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
40
1
4
1
4
40

Trial (D)
A x D
B x D
A x B x D
Error w«

1
4
1
4
40

64.71
178.22
84.47
116.05
129.74
34.24
66.00
109.54
58.20
236.88
9.76
15.04
115.22
54.16

C
A
B
A

D
C x D
C x D
B x C x D
Error w«

1
4
1
4
40

44.28
67.82
101.68
7.37
36.92

1.20
1.84
2.75
0.20

Phase (E)
A x E
B x E
A x B x E
Error w 4

2
8
2
8
80

17.34
9.72
1.26
11.85
12.64

1.37
0.77
0.10
0.94

D
A
B
A

2
8
2
8
80

22.09
22.94
0.81
4.39
6.46

3.42*
3.55**
0.12
0.68

2
8

17.78
8.45

0.31
0.15

x
x
x
x

x
x
x
x

E
D x E
D x E
B x D x E
Error w-

J

C x E
A x C x E

0.56
1.54
0.73
2.23
0.59
1.13
1.88
4.37*
0.18
0.28
2.13
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Table 9 (continued)

Source

df

'MS

F

B x C x E
A x B x C x E
Error

2
8
80

7.29
7.03
6.22

0.13
0.12

C
A
B
A

2
8
2
8
80

14.53
5.35
1.01
7.12
6.27

2.32
0.85
0.16
1.13

x
x
x
x

D x E
C x D x E
C x Dx E
B x C x D x E
Error Wy

*p < .05
**£ < .01
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first-order interaction, F (2, 80) ■ 3.42, £<.04.
Inspection of cell means showed that with the exception
of a slight increase (0.05bpm) in heart rate during
FDBK 1, subjects had a tendency to decrease heart rate
during trial one and increase heart rate during trial two.
This finding is consistent with the significant trial main
effect.
A significant second-order interaction was found for
Group x Trial x Phase, F (2, 80) =* 3.55, £ <.001.

With

alpha set at the .05 level of significance, all possible
pairwise comparison of means was made using Newman-Keul's
procedure

for specific comparisons within a mixed design.

Although significant differences were obtained, the pattern
of results was uninterpretable.
Therefore, the data indicate that when subjects were
instructed to decrease finger temperature, their HR de
creased and when instructed to increase finger temperature,
their HR increased.

This finding was not expected.

How

ever, it is plausible that the significant difference
between trial baseline levels increased the likelihood of
finding significant training effects involving the variable,
Trial.
Forearm EMG.
EMG.

Table. 10 is an ANOVA summary table for

As can be seen, three significant main effects were
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Table 10
Analysis of Variance Summary Table:

EMG

(Difference Scores)

MS

F
3.53*
1.24
2.49

40
1
4
1
4
39

621222.57
217905.14
438665.52
175862.72
161780.58
105799.30
294612.16
108738.88
78160.31

Trial (D)
A x D
B x D
A x B x D
Error

1
4
1
4
40

886069.45
182230.06
17962.96
233656.93
124217.69

7.13*
1.47
0.14
1.88

C
A
B
A

1
4
1
4
39

165284.19
93597.04
2713.36
36131.24
104728.33

1.58
0.89
0.03
0.34

Phase (E)
A x E
B x E
A x B x E
Error

2
8
2
8
80

9.68**
7.28
1.20
0.40

D
A
B
A

2
8
2
8
80

413417.79
311064.62
51305.67
17181.89
42718.19
60570.28
13321.10
19759.61
13057.28
15271.35

2
8

38194.27
31930.80

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1

x
x
x
x

x
x
x
x

D
C x D
C x D
B x C x D
Error

E
D x E
D x E
B x D x E
Error w s

C x E
A x C x E

2.05
1.35
3.77
1.39

3.97*
0.87
1.29
0.86
0.49
0.41
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Table 10 (continued)

Source
B x C x E
A x B x C x E
Error
C x D x E
A x C x D x E
B x C x D x E
A x B x C x D x E
Error

*p < .05
**£ < .01

df

MS

2
8
78

76730.28
33643.33
37360.98

0.98
0.43

2
8
2
8
77

33678.99
13787.99
2413.46
12128,45
18280.75

1.84
0.75
0.13
0.66

F
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obtained:

Group, F (4, 40) - 3.53, £<. 01; Trial, F

(1, 40) = 7.13, £<.0 1 { Phase, F (2, 80) - 9.68, £<.0002.
First-order interactions were obtained for Group x Phase,
F (8, 80) = 7.28, £ <.0001 and for Trial x Phase, F
(2, 80) ** 3.97, £ < .02.
Figure 3 is a graphical representation of EMG group
cell means by phase.

Visual inspection of Figure 3 suggests

that the presence/absence of feedback affected the mean
changes of EMG.

Two observations support this position.

first observation

The

is that all groups showed a decrease in

mean EMG from baseline during SC, a phase during which no
group received feedback.

The second observation is that

relative to groups which received feedback and decreased
EMG from baseline, the NOFB group (no feedback) showed low
level decrease in EMG across all three phases.

It is elso

noteworthy that the level of visual feedback sensitivity
apparently affected whether or not groups increased or
decreased EMG from baseline.

When receiving low feedback

sensitivity groups tended to produce large magnitude de
creases in EMG from baseline, as is evident by the mean
levels (Figure 3) for the Lb Lb group during FDBK 1 &
FDBK 2, the Lo Hi group during FDBK 1, and the Hi Lo group
during FDBK 2.

When groups received high feedback sensi

tivity (the Hi Hi group during FDBK 1 and FDBK 2, the Hi Lo
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EMG (difference score) across phases by group.
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group during FDBK 1, the Lo Hi group during FDBK 2) the
tendency was to show an increase in EMG from baseline o r ,
as was the case with the Lo Hi group during FDBK 2, a less
marked reduction in EMG response.
Figure 4 is a bar graph representing EMG cell means by
phase across trial.

Post-hoc tests indicated that the

large magnitude mean decreases in EMG during FDBK 2 and
SC phases of trial one, relative to the other four means
represented, accounted for the significance in this inter
action.

Also, mean EMG during FDBK 1 of trial two was

significantly smaller than mean EMG during SC of trial
two.

This finding is consistent with the results of the

Trial main effect to indicate that subjects showed a mean
decrease in EMG from baseline in all phases with the ex
ception of FDBK 1 during trial two which produced a small
increase above baseline level.
It must be pointed out that EMG baseline level during
Trial two waB significantly lower than EMG baseline level
during trial one.

Therefore, it is plausible that the

probability of finding significant effects involving the
variable Trial was enhanced due to significant differences
between baseline levels.
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Figure 4: Mean EMG (difference score) across trial by phase.
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Respiration.

Table 11 is an ANOVA summary table for

Respiration (Resp.).

This analysis indicated that there

was a significant Trial main effect, F (1, 40) '■ 4.65,
£ < . 0 4 and a significant Trial by Phase interaction, F
(2, 80) « 4.79, £<.01.

All pairwise comparisons among

means was made using Newman-Keulfs procedure for specific
comparisons within a mixed-design, with alpha set at the
.05 level of significance.

It was found that the mean

Resp. response during FDBK 1 and FDBK 2 of trial two was
significantly greater than the mean response for the
other four phases represented with the exception of no
significant difference between FDBK 1 during trial two
and SC during trial one.

Therefore, the difference

between trial means which showed up in the main effect
for trials was due to the mean increase in Resp. during
FDBK 1 of trial two (M = 1.09 cylces per minute) and FDBK
2 of trial two (M = 1.34 cycles per minute).
Skin ReSistaricie (SR).
table for SR.
differences.

Table 12 is an ANOVA summary

As indicated, there were no significant-
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Table, 11
Analysis of Variance Siarimary Table:

Resp.

(Difference Scores)

Source

df

Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

4
1
4
40
1
4
1
4
40

33.79
43.64
13.00
29.01
0.10
37.76
16.38
30.65
16.65

Trial <D)
A x D
B x D
A x B x D
Error W 2

1
4
1
4
40

55.52
15.21
2.78
22.98
11.95

4.65*
1.27
0.23
1.92

C
A
B
A

1
4
1
4
38
2
8
2
8
80

14.45
18.20
53.53
34.39
24.41

0.59
0.75
2.19
1.41

14.06
5.00
18.27
15.09
5.91

2.38
0.85
3.09
0.26

2
8
2
8
80

23.93
4.33
1.83
4.33
5.00

4.79*
0.87
0.37
0.87

2
8

3.17
2.01

x
x
x
x

D
C x D
C x D
B x C x D
Error Wg

Phase (E)
A x E
B x E
A x B x E
Error
D
A
B
A

x
x
x
x

E
D x E
D x E
B x D x E
Error

C x E
A x C x E

MS

F
1.16
1.50
0.45
0.01
2.27
0.98
1.84

0.19
0.12

97
Table 11 (continued)

F

df

MS

B x C x E
A x B x C x E
Error Wg

2
8
80

0.01
4.56
3.49

0.00
0.27

C
A
B
A

2
8
2
8
80

3.66
3.40
14.07
2.67
11.17

0.33
0.30
1.26
0.24

Source

x
x
x
x

D x E
C x D x E
C x D x E
B x C x D x E
Error Wy

*£ < .05
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Table 12
Analysis of Variance Summary Table:

SR

(Difference Scores)

Source
Group (A)
Sex (B)
A x B
Error b
Session (C)
A x C
B x C
A x B x C
Error

df

MS

F

4
1
4
40
1
4
1
4
40
1
4
1
4
40

4169.58
971.53
3378.83
684.69
1149.21

3.63
0.85
2.94
0.60

D
C x D
C x D
B x C x D
Error

1
4
1
4
38

469.97
2387.36
2096.71
684.04
942.11

0.50
2.53
2.23
0.73

Phase (E)
A x E
B x E
A x B x E
Error
D x E
A x D x E
B x D x E
A x B x D x E
Error

2
8
2
8
80

263.64
172.29
25.12
341.78
176.24

1.50
0.98
0.14
1.94

2
8
2
8
80

210.84
191.45
52.37
95.30
98.32

2.14
1.95
0.53
0.97

2
8

134.90
54.32

0.12
0.05

Trial (D)
A x D
B x D
A x B x D
Error w«
C
A
B
A

x
x
x
x

C x E
A x C x E

2316.38
0.03
359.80
1790.90
5.39
2425.10
140.66
250.20
1094.09

1.29
0.00
0.20
0.00
2.22
0.13
0.23

Table 12 (continued)

df

Source
B x C x E
A x B x C x E
Error Wg
C
A
B
A

x
x
x
x

D x E
C x D x E
C x D x E
B x C x D x E
Error Wy

2
8
80
2
8
2
8
80

MS
24.79
144.04
138.95
29.72
107.40
36.00
56.30
82.77

F
0.02
0.13
0.36
1.30
0.43
0.68

DISCUSSION

Finger temperature
This study examined the relationship between single
and multiple levels of augmented exteroceptive feedback
sensitivity and the learned control of finger temperature
decreases and increases.

Based on both biofeedback train

ing and motor skills learning literature, six hypotheses
were advanced describing the expected relationships.

Un

equivocally, the data failed to support the major hypotheses
of this study.

Not only were there no differences between

receiving different single and multiple levels of feedback
sensitivity, but there were no differences between feedback
groups and a control group which received no feedback.

Fur

thermore, when averaged across subjects, there was a ten
dency to increase finger temperature during decrease in
structions and decrease finger temperature when instructed
to increase finger temperature.

The indications are that

neither feedback nor instructions regarding direction of
desired finger temperature change affected the performance
of subjects in this experiment.
Unexpectedly the sex of the subject proved to be a
critical variable.. Irrespective of group, session level,
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trial level or phase level, females decreased finger tem
perature.

On the other hand, inales increased finger tem

perature during trial one with a slight decrease during
trial two.

Inspection of finger temperature data for

males supports the notion that the slight decrease ob
served for males during trial two was probably due to a
"ceiling effect" caused by elevated skin temperature during
baseline 2.
Stern, et al. (1980) have noted that a defensive re
sponse pattern (DR) generally results in peripheral vaso
motor constriction (reduced skin temperature), decreased
skin resistance, increased heart rate, and decreased res
piration frequency.

Obviously females vasoconstricted and,

they along with males, showed a decrease in tonic skin re
sistance from RSLN 1 to BSLN 2, an increase in heart rate
from trial one to trail two, and an increase in respiration
from baseline values regardless of trial.

Therefore, it

is plausible that demand characteristics resulted in a DR
by female subjects.

On the other hand, males exhibited a

pattern of response more consistent with the notion of
habituation to the experimental environment, within session.
It has been the general finding that males and females
learn to vasodilate and vasoconstrict equally well (e.g.,
Surwit, et al., 1976).

In those instances where there have

been sex differences (e.g., Packer, 1980) it has been
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concluded that observed differences were unrelated to the
learning of skin temperature control.

However, in a re

cent finger temperature increase study 0 1Connell, et al.
(1980) found that regardless of whether the feedback pre
sentation modality was. visual or auditory, males produced
significantly greater finger temperature increases than
did females.

All experimenters were male, as was the case

in the present experiment.

They conjectured that differen

tial demand characteristics may have been reflected in the
data.

Without evidence to the contrary, it is conjectured

that differential demand characteristics may have been
operational during the experimental sessions of this study.
Somatic maneuvers
Although not presented as a formal hypothesis, it was
expected that somatic maneuvers would play a relatively
minor role in learned finger temperature control.

Specifi

cally, it was conjectured that application of multiple
linear regression analyses to group data, with finger tem
perature as the criterion variable and HR, EMG, SR, and
Respiration as the predictor variables, would produce
relatively small and nonsignificant multiple correlations.
With the exception of a significant R for the Lo Lo group
(R ■ -.60) this prediction proved to be the case.

In fact,

for the other four groups Rs ranged from a high of R - .35
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for the Hi Lo group to a low of R = .12 for the NOFB group.
Therefore, the predictors accounted for a very small per
centage of the variance in finger temperature for the Hi
Hi, Hi Lo, Lo Hi, and NOFB conditions.
Predictors accounted for approximately 36% of the
variance in finger temperature for the Lo Lo group.

As HR,

EMG, Respiration and SR decreased, finger temperature in
creased.

The greatest.contribution to the prediction

equation was by SR followed by HR, EMG and Respiration.
The contribution by Respiration was statistically non
significant.
As noted by Guyton (1981) the arteriole anastomoses
of the finger and the eccrine sweat glands appear to be
solely innervated by the sympathetic branch of the autono
mic nervous system.

In general* increased sympathetic

activity results in vasoconstriction (decreased skin re
sistance) .

Decreased sympathetic activity leads to the

opposite trend.

Given the foregoing it is difficult to

explain the inverse relationship between finger temperature
and SR.

A positive linear relationship would be more in

line with expectancies.

However, it has been known for

quite some time (Venables & Martin, 1967) that due to the
thermoregulatory properties of the skin,, local heating of
surface skin temperature is accompanied by decreased SR and
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local cooling of surface skin temperature is accompanied
by increased SR.

In fact, as a general rule of thumb

there is an approximate 3% increase in SR for a. 1°C de
crease in skin temperature (Edelberg, 1967).

The finding

of an inverse relationship! between skin temperature and
SR in this study is therefore consistent with previous
findings.
However, it must be noted that (Stem, et al., 1980)
the eccrine sweat glands respond at the post-ganglionic
synapse to acetylcholine whereas the arterioanastomoses
respond primarily to noradrenaline, the primary post
ganglionic neurotransmitter of the sympathetic system.
Because of this difference in sensitivity to neurotrans
mitter substances it is risky to generalize from SR to
finger temperature and vice versa.

It is possible that

increases in acetylcholine were accompanied by decreases
in noradrenaline and vice versa.

This speculation would

be consistent with the notion of anatomical specificity
and those who support such a position (Taub, 1977; Taub &
Emurian, 1976; Slattery & Taub, 1976; Schwartz,. 1973).
Another possible explanation for the finding of an
inverse relationship between finger temperature and SR
is that the SR data obtainied was highly unreliable thereby
resulting in a spurious significant inverse relationship.
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Consistent with this explanation was the finding of a great
deal of within-subject variability for SR data, suggesting
that for any given group there was a large error factor in
the comparison of SR between subjects and across subjects.
Therefore, it is possible that SR did not systematically
increase as finger temperature decreased and vice versa.
Adding strength to the argument of unreliable SR data is
the fact that SR has been found to be affected by subject
variables such as age, sex, race, and environmental fac
tors such as room temperature, humidity, time of day,
and day of week as well as "psychic1* inputs (Venables &
Christie, 1973).
If one ignores the inverse relationship between SR
and finger temperature and instead focuses attention on the
pattern of response among the other three response systems
as finger temperature changed, an interesting finding
emerges.

That finding is that finger temperature decreases

accompanied increased arousal as measured by HR, EMG, and
respiration.

Finger temperature increases accompanied de

creased arousal as measured by HR, EMG, and respiration.
It would appear that subjects were learning to alter finger
temperature by altering the general, level of autonomic
arousal.

In other words, a relaxation response accompanied

finger temperature increases whereas a stress-like response

accompanied finger temperature decreases.

This response

pattern Is consistent with the trend of findings In the
biofeedback literature (e.g., Benson, et 'al., 1974j Fahrlan,
1977} Scott & Timmons, 1974).

It should also be noted that

the response pattern of the Lo Lo group supports the posi
tion of those who advance the notion of central or higherorder regulating mechanisms (Brener, 1974a, b; Davidson
& Schwartz, 1976; Obrist, 1976) such as the hypothalamus
(King & Montgomery, 1981).

However, the fact that the Lo

Lo group was not superior to the other groups in the
learned control of finger temperature, as measured by
magnitude of change, supports the contention that type of
physiological arousal may be a necessary but not sufficient
condition for significant changes in finger temperature
to occur.
Interestingly, the feedback provided to the Lo Lo
group was the single level which has been fouxid to be
superior to other single levels of feedback in studies con
ducted at L.S.U. involving the learned control of HR
(Williamson, et al.. 1981) and finger temperature (Note 1).
In contrast, the NOFB group, which received no feedback, had
the lowest correlation between the criterion variable and
predictor variables.

The implications are that the presence/

absence of feedback was related to the strength of the
association between the criterion and predictor variables.

107
Somatic mediation accounted for a greater portion of
variance in finger temperature whenever feedback was
available.

However, this was a correlational analysis and

therefore sheds no light on cause-effect relationships.
All that is known is that alterations in one response sys
tem were accompanied by changes in other response systems
and that the relationship was inverse and statistically
significant.
Ancillary findings
In a recent bidirectional HR control study, Holmes,
et al. <1980) attempted to determine whether subjects used
biofeedback to directly alter heart rate or whether subjects
used biofeedback to alter heart rate indirectly by altering
the response pattern of a related response system more ac
cessible to voluntary control.
was the respiratory system.

The response system examined

They employed an ingenious pro

cedure whereby subjects were trained to alter HR in the
specified direction using biofeedback.

Respiration trac

ings were recorded for each subject while receiving biofeed
back.

After receiving biofeedback subjects were shown their

respiration tracings taken during biofeedback and were asked
to match the tracings.

They were not told to alter HR and

did not know that HR was being investigated.

Subjects were

capable of replicating their respiration patterns.

Importantly, their HR closely paralleled the HR changes
during biofeedback training.

The implication of this study

is that in the course of biofeedback training subjects may
be learning to alter the target response system (e.g., HR)
indirectly by means of altering the response of systems
normally and more easily brought under voluntary control.
Along these same lines, King & Montgomery (1981) have re
cently conducted a study in which they found a group which
was instructed to employ somatic maneuvers in conjunction
with biofeedback to be superior to a "biofeedback only"
group in the learning of peripheral skin temperature con
trol.

They suggested, based on simultaneous recordings,

that EMG was the favored mediator.
In the present study, statistical analysis of the EMG
data as well as visual inspection of Figure 4 indicated
that EMG response level varied according to whether or not
subjects received feedback and according to the leval of
feedback sensitivity provided.

Subjects who never exper

ienced feedback showed nonsignificant reductions in left
forearm EMG arousal from baseline levels regardless of
phase.

When subjects received, low feedback sensitivity

there was a tendency to relax or decrease left forearm EMG
arousal.

On the other hand, receipt of high sensitivity

feedback resulted in the opposite tendency.

Regardless of

whether or not a subject received feedback, the absence of
feedback invariably resulted in a reduction of. left forearm
EMG arousal relative to baseline level*

The implication

is that there was a contingent positive relationship between
level of EMG arousal and level of feedback sensitivity.
Therefore, these findings partially support the contention
of Holmes, et al. (1980) and King & Montgomery (1981) that
what subjects learn during biofeedback training is to in
directly change the response of a targeted physiological
response system by altering the response of a system more
normally accessible to voluntary control.

Furthermore, the

finding of a contingent relationship between level of feed
back sensitivity and level of arousal observed for a re
sponse system is consistent with the findings of earlier
studies conducted at L.S.U. (Williamson, et al., 1981;
Note 1).

However, as was the case when discussing the

significant multiple correlation for the Lo Lo group, it
must be emphasized that the failure to find significant
differences between groups on finger temperature magnitude
suggests that somatic maneuvers played little if any role
in the learning of finger temperature control.

In fact,

biofeedback did not prove to be superior to instructional
control.
In addition to EMG, separate ANOVAs were performed on
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the dependent measures HR, Respiration, and SR.

The main

finding was that subjects had a tendency toward increased
arousal in these response systems during trial two rela
tive to the level of response durinjg trial one.

In other

words, when asked to increase finger temperature, arousal
level was greater than when asked to decrease finger tem
perature.

Increased arousal typically indicates increased

sympathetic activity which is more conducive to a state of
vasoconstriction rather than vasodilation.

The indication

is that if subjects were attempting indirect control of
peripheral temperature control they were in the rudimen
tary stages of learning and were, in fact, employing a
self-defeating strategy.

As will be pointed out in the

next section it is conjectured that subjects were still in
the error recognition phase of. learning as described by
Fitts & Posner (1967).

They had not yet learned how to

utilize feedback as a means of altering responses in the
desired direction.

Therefore, there was no learning of a

relationship between level of arousal and temperature
change.

To use Brener's (1974c) terms, subjects had not

yet learned to use augmented feedback as a means of achiev
ing "calibration" and thereby establish a functionally
sound "response image."

The end result was no differences
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between groups during training or self-control phases.
Limitations and recommendations
Based on the foregoing, a possible explanation for the
failure to find finger temperature training differences be
tween groups is that the experimental task used in this study
was too complex and too difficult to learn and master with
in a two session training period.

Keefe (1975) has suggest

ed that the learning of finger temperature control is a dif
ficult task which requires a training program allowing for
gradual response acquisition.

This study employed two train

ing sessions based on the findings of earlier studies con
ducted at L.S.U. (Williamson, et'al., 1981; Note 1).

Also,

a review of the literature indicated that the number of
training sessions was apparently unrelated to whether or
not training differences were observed.

It is worth

noting however that the majority of temperature control
studies have investigated unidirectional control*

In

bidirectional control investigations the trend has been to
train first for unidirectional control then train for
bidirectional control, as exemplified by the research of
Taub and his associates (e.g., Taub & Emurian, 1976).
It is quite possible that the inclusion of bidirection
al control instructions within the same experimental session
made an already difficult task (Keefe, 1975) more difficult

and complex.
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If it Is safe to assume that the complexity

and difficulty of the experimental task was increased by
employing bidirectional control instructions, then Fitts &
Posner's (1967) model for describing the learning of a com
plex motor skill would apply.

As detailed in the intro

duction, the three phases are error recognition, followed
by skill sharpening in the presence of feedback and then
self-control in the absence of feedback.

The failure to

find group differences during feedback phases and selfcontrol phases of this study would suggest that the sub
jects receiving feedback were still in the error recogni
tion phase and therefore not at an advantage relative to
their instructional control counterparts.

It is conjectured

that the difficulty and complexity of the task was under
estimated and

that therefore too few training sessions

were employed for subjects to advance through the other two
learning phases.

The end result was a failure to find bio

feedback superior to mere instructional control.
Inclusion of bidirectional control instructions not
only increased the complexity and difficulty of discrimina
tive learning requirements placed on the subject but also
increased the complexity of the stimulus array.

Review of

appendices A thru C will reveal that this was particularly
true for those subjects receiving feedback and especially
those receiving dual levels of feedback sensitivity during

the same trial within session.

As has been pointed out by

I.M. Bilodeau (1969) one of the risks of using augmented
feedback is an increase in irrelevant cues.

As the stimu

lus becomes more inclusive it tends to become more complex
thereby increasing the likelihood of an increase in irrele
vant cues.

Another way of conceptualizing irrelevant cues

in an experiment testing the effects of visual analogue
feedback is as visual noise.

Briggs (1969) has reviewed

the effects of visual noise on skill acquisition.

He con

cluded that increasing visual noise primarily affects per
formance and not learning.

The effect is performance re

tardation requiring extended training in order for per
formance to be equal to or greater than performance under
training conditions of no feedback or minimal visual noise.
Generalizing from the findings discussed by Briggs (1969)
to the findings of this study reinforces the notion that
there were not enough training sessions in order for a per
formance distinction to be observed between feedback groups
and the self-control group as well as between feedback
groups per se.

The end result was an inference of no

differential learning effects; particularly since there
were not only a lack of differences during training but
also a lack of differences during self-control phases, a
test of transfer.

It should be pointed out that the author

could find no studies relating stimulus array complexity
to the outcome of biofeedback temperature control studies.
It was as siimed that the principles governing the learning
of a motor skill would apply equally well.

Therefore, it

is suggested that future research focus on the effects of
varying levels of stimulus array complexity on the compara
tive performance of subjects during training and transfer
phases of biofeedback temperature control studies.

The

effect of extended training as a relevant parameter also
needs more definitive and systemic research attention.
Furthermore, it is suggested that there is a need for re
search investigating the role of directional control in
structions as parameters affecting task complexity as well
as the interface between task complexity and training
strategy effectiveness.
It is worth noting that if one assumes, as have others
(e.g., Holmes, et al., 1980), that subjects receiving bio
feedback learn indirect control of a targeted response
system through the use of somatic maneuvers, then the find
ings of the multiple correlational analyses as well as the
findings of the ANOVA performed on EMG data support the
contention that biofeedback recipients were learning a
form of control, albeit indiriect, but that this difference
was not reflected in performance.

Perhaps the failure to
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find performance differences was due to too few training
sessions rather than other influences.
Williamson; et al. (1981) conjectured that provision
of explicit instructions that increase subject awareness
of the different levels of sensitivity being provided to
experimental and control groups could lessen the likelihood
of finding post-experimental differences between groups.
They reasoned that in the absence of explicit instructions
the deflections of the feedback meter needle are interpreted
as veridical indices of subject performance.

The assumed

effect is an increase in the motivation to perform for some
subjects (i.e., those receiving low feedback sensitivity)
and a decrease in the motivation to perform for other sub
jects (i.e., those receiving high feedback sensitivity).
It was predicted that this subtle effect on motivation
would be diminished as subject awareness of the contrived
nature of feedback increased.
Given the foregoing, there is another possible ex
planation for the failure of this study to produce the de
sired outcomes.

The visual stimulus array contained ample

information concerning the relationship between the levels
of feedback sensitivity provided and observed finger tem
perature changes.

All subjects, including instructional

control subjects, were exposed to this information.
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Exposure to this information afforded any given subject
the immediate awareness that not all subjects were re
ceiving the same training condition.

It was also possible

therefore for subjects to assess, in relative subjective
terms, how easy/difficult or simple/complex their task
was in comparison to the task presented to others.

This

knowledge may have affected subject attitudes and per
formance motivation in such a fashion that it procedurally
negated pre-experimental differences between the different
experimental and control groups as earlier predicted by
Williamson, et al. (1981).

In other words, it is con

jectured that increased information regarding feedback
characteristics was unwittingly diseminated to all sub
jects and hence may have acted as an uncontrolled interven
ing variable which modified the performance of subjects
in unforeseen ways.

If one assumes that this is what

happened then it is not surprising that this study failed
to replicate the findings of Williamson, et al.'s (Note 1)
earlier study.

However, this is post hoc speculation and

therefore provides no definitive answers.

A replication

of this study controlling for this as well as other possible
procedural confounds would possibly afford a better vantage
point from which to assess the role of these variables in
the learning of autonomic control.

11?
Summary
This study found not only no differences between groups
receiving varying levels of feedback sensitivity but also
failed to support the general notion that biofeedback is
superior to instructions alone in the learning of finger
temperature control.

There were obtained several unexpected

and interesting findings regarding sex differences and re
sponse patterning.

Both positive and negative results were

discussed and an effort was made to advance plausible ex
planations for experimental outcomes.
to keep minimal the role of conjecture.

An attempt was made
Where appropriate,

reference was made to perceived areas of increased future
research efforts.
In closing it is noted that the findings of this study
are interesting but offer no definitive answers regarding
the effects of feedback sensitivity upon the learned con
trol of finger temperature.

At best the study's value lies

in heuristics.and as a guide for the design of future ex
periments in this area of inquiry.
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Appendix A

Single-level feedback instructions:

Groups Hi.:Hi & Lo Lo

The purpose of this experiment is to determine how
well you can learn to control your skin temperature mea
sured at the site of your left index finger. A number of
investigators have reported that it is possible to. learn
to both increase and decrease skin temperature. Devices
which indicate to an individual the nature of their per
formance have been found to be a useful aid in the learning
of skin temperature control. The meter in front of you is
such a device. It will provide you with a visual display
of your finger temperature changes. This information is
provided in the form of needle movement. If the needle
moves to the right* that means your finger temperature is
increasing. If the needle moves to the left* that means
your finger temperature is decreasing. The farther the
needle moves* in either direction* the greater the change
in your finger temperature.
The meter does not indicate by how many degrees
(Centigrade) your finger temperature is changing. However*
the cardboard display located below the meter does indicate
the amount of temperature change (in degrees Centigrade)
associated with needle movement. Please note that on
occasion the needle may not move immediately when you first
attempt to control your finger temperature during a trial.
A 15 minute rest period will begin whenever the ex
perimenter leaves the room you are now in. The beginning
of this period will be signalled by the illumination of the
red light (labelled "resf ) on the box. located to the left
of the feedback meter. During this period you are asked
to please just sit quietly and rest. Be careful to not fall
asleep. Please, if at all possible, refrain from moving
your fingers toward your palms or body trunk. The restric
tion of movement also applies to the movement of hands*
arms, legs* etc. The request for limited movement applies
to the entire experimental session.
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At the end of 15 minutes, the red light will go off
and the yellow light will come on and remain on for a
period of 10 minutes. The feedback meter will also be
operational during this ten minute period. Either the
blue light or white light on side of the feedback meter
cabinet will come on simultaneously with the yellow light.
The experimenter will inform you before, leaving the room
as to which light will come on. If the blue light comes
on, this means that small changes in finger temperature
will be associated with large changes in needle position.
If the white light comes on, this means that large changes
in finger temperature will be associated with small changes
in needle position. The display card, located below each
light, explains more clearly the exact relationship between
finger temperature change and needle movement for that level
of feedback sensitivity. The same, light, blue or white,
will be the only one illuminated for the 10 minutes of feed
back you will receive during both trials of your two train
ing sessions. Therefore, ignore the unlit light and its
display card as it does not pertain to your training. You
are to attempt to use the feedback provided by the meter
needle to lower your finger temperature by as much and for
as long as you possibly can. Please do not attempt to
alter your finger temperature by using such techniques as
clenching the fist or altering respiration. You will note
that there is a physical limit as to how far the meter
needle can move in either direction. Anytime that the
needle reaches these limits the experimenter will reset
the needle to the center line of the meter so that the
needle can move in correspondence to further temperature
change. Three blinks of tha red light as well as the rapid
return of the needle to the center line will signal to you
that the experimenter has reset the needle. Thus you will
know that you did not cause the movement yourself.
At the end of 10 minutes, the feedback meter and blue/
white light will be turned off by the experimenter. The
yellow light will remain illuminated for five more minutes.
You are to continue to attempt to decrease your finger tem
perature by as much and for as long as you can without the
aid of the meter needle. The experimenter will remind you
via the intercom that you are to continue to decrease your
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finger temperature by as much and for as long as you can
after the feedback meter Is cut-off.
At the end of this five minute period, the red light
will once again be constantly illuminated. Again it signi
fies a rest period, but this time the period will last for
only 10 minutes. The instructions given for the first rest
period apply equally to this rest period. The same sequence
of periods, i.e., rest, meter feedback and blue/white light
illumination, and no feedback will be used during this sec
ond trial. The only difference is that instead of the yel
low light being illuminated during the feedback and no feed
back periods, the green light (labelled "increasd') will be
illuminated. The green light, when illuminated, informs
you that you are to attempt to increase your finger temper
ature. Remember that you are to attempt to increase your
finger temperature even after the feedback meter is cut-off.
The experimenter will remind you of this via the intercom.
At the end of the five minute period during which you re
ceive no feedback, the experimenter will inform you via the
intercom that the experimental session is over. Please re
main seated. The experimenter will enter the room and dis
connect the electrodes.
The same instructions and sequence of events will
apply to your next experimental session. These instructions
will also be given at the beginning of the next experimental
session to you.
Points to remember: a) try to alter your finger tem
perature as much as possible and for as long as possible
during finger temperature increase and finger temperature
decrease periods; b) attempt to alter your finger tempera
ture in the desired direction for five more minutes after
the feedback meter is cut-off; c) sit quietly arid do not
attempt to deliberately alter your finger temperature dur
ing rest periods; d) limit finger movement, Hand movement,
arm movement, and leg movement as much as possible through
out the experimental session; e) do not attempt to alter
finger temperature by resorting to techniques such as
clinched fists or altered respiration; f) the light sequence
is red (rest), yellow (decrease), red (rest), green (in
crease) ; g) illumination of the blue light, below feedback
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meter cabinet, signals the provision of high sensitivity
feedback whereas illumination of the white, light signals
provision of a moderate level of feedback sensitivity;
h) three blinks of the red light during feedback periods
signifies the experimenter is resetting the meter needle
to the center line; i) feedback will be available for 10
consecutive minutes during both increase and decrease trials.
Feel free to ask the experimenter any questions you may have
at the beginning or end of each session.
Thank you for your participation and cooperation.

1$ 0.
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Multiple levels of feedback Instructions

Group HI Lo
The purpose of this experiment Is to determine how
well you can learn to control your skin temperature mea
sured at the site of your left index finger. A number of
investigators have reported that it is possible to learn
to both increase and decrease skin temperature. Devices
which indicate to an individual the nature of their per
formance have been found to be a useful aid in the learn
ing of skin temperature control. The meter in front of
you is such a device. It will provide you with a visual
display of your finger temperature changes. This informa
tion is provided in the form of needle movement.
If the
needle moves to the right, that means your finger tempera
ture is increasing. If the needle moves to the left, that
means your finger temperature is decreasing. The farther
the needle moves, in either direction, the greater the
change in your finger temperature.
The meter does not indicate by how many degrees
(Centigrade) your finger temperature is changing. However,
the cardboard display located below the meter does indicate
the amount of temperature change (in degrees Centigrade)
associated with needle movement. Please note that on
occasion the needle may not move immediately when you first
attempt to control your finger temperature during a trial.
A 15 minute rest period will begin whenever the ex
perimenter leaves the room you are now in. The beginning
of this period will be signalled by the illumination of
the red light (labelled "rest") on the box located to
the left of the feedback meter. During this period you
are asked to please just sit quietly and rest. Be care
ful to not fall asleep. Please, if at all possible, re
frain from moving your fingers toward your palms or
body trunk. The restriction of movement also applies to
the movement of hands, arms, legs, etc. The request for
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limited movement applies to the entire experimental
session.
At the end of 15 minutes, the red light will go off
and the yellow light will come on and remain on for a
period of 10 minutes. The feedback meter will also be
operational during this ten minute period. The blue light
on side of the feedback meter cabinet will come on simul
taneously with the yellow, light. It will remain illumi
nated for five consecutive minutes. Illumination of the
blue light means that small changes in finger temperature
will be associated with large changes in needle position.
Therefore, during the first five minutes of feedback the
meter needle will be highly sensitive to changes in your
finger temperature. At the end of five minutes the blue
light will go off and the white light, also on side of the
feedback meter cabinet, will be illuminated. The white
light will remain illuminated for five consecutive minutes.
At this point the meter needle will become less sensitive
to finger temperature changes, i.e., approximately onethird as sensitive. This means that it will now take three
times as much change in finger temperature to equal the
same amount of change in needle position observed during
the preceding five minutes. The same sequence, blue light
on for five minutes followed by white light on for five
minutes, will be maintained for both trials of each of your
experimental sessions. Please note that the display card,
located below each light, explains more clearly the exact
relationship between finger temperature change and needle
movement for that level of feedback sensitivity.
The yellow light (labelled "decrease"), which came on
simultaneous with the blue light, indicates that you are to
attempt to decrease your finger temperature. You are to
attempt to use the feedback provided by the meter needle
to lower your finger temperature by as much and for as long
as you possibly can. Please do not attempt to alter your
finger temperature by using such techniques as clenching
the fist or altering respiration. You will note that there
is a physical limit as to how far the meter needle can move
in either direction. Anytime that the needle reaches these
limits the experimenter will reset the needle to the center
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line of the meter so that the needle can move in correspon
dence to further temperature change. Three blinks of the
red light as well as the rapid return of the needle to the
center line will signal to you that the experimenter has
reset the needle. Thus you will know that you did not cause
the movement yourself.
At the end of 10 minutes, the feedback meter and white
light will be turned off by the experimenter. The yellow
light will remain illuminated for five more minutes. You
are to continue to attempt to decrease your finger tempera
ture by as much and for as long as you can without the aid
of the meter needle. The experimenter will remind you via
the intercom that you are to continue to decrease your fin
ger temperature by as much and for as long as you can after
the feedback meter is cut-off.
At the end of this five minute period, the red light
will once again be constantly illuminated. Again it sig
nifies a rest period, but this time the period will last
for only 10 minutes. The instructions given for the first
rest period apply equally to this rest period. The same
sequence of periods, i.e., rest, meter feedback and blue
followed by white light illumination and no feedback will
be used during this second trial. The only difference is
that instead of the yellow light being illuminated during
the feedback and no feedback periods, the green light
(labelled "increase") will be illuminated. The green light,
when illuminated, informs you that you are to attempt to
increase your finger temperature. Remember that you are to
attempt to increase your finger temperature even after the
feedback meter is cut-off. The experimenter will remind you
of this via the intercom. At the end of the five minute per
iod during which you receive no feedback, the experimenter
will inform you via the intercom that the experimental ses
sion is over. Please remain seated. The experimenter will
enter the room and disconnect the electrodes.
The same instructions and sequence of events will apply
to your next experimental session. These instructions will
also be given to you at the beginning of the next experi
mental session.
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Points to remember: a) try to alter your finger tem
perature as much as possible and for as long as possible
during finger temperature increase and finger temperature
decrease periods; b) attempt to alter your finger tempera
ture in the desired direction for five more minutes after
the feedback meter is cut-off; c) sit quietly and do not
attempt to deliberately alter your finger temperature dur
ing rest periods; d) limit finger movement, hand movement,
arm movement, and leg movement as much as possible through
out the experimental session; e) do not attempt to alter
finger temperature by resorting to techniques such as
clinched fists or altered respiration; f) the light sequence
is red (rest), yellow (decrease,) red (rest), green (in
crease) ; g) three blinks of the red light during feedback
periods signifies the experimenter is resetting the meter
needle to the center line; h) feedback will be available
for 10 consecutive minutes during both increase and de
crease trials; 1) highly sensitive feedback (blue light)
will be provided during the first five minutes of feedback
and moderately sensitive feedback (white light) will be pro
vided during the last five minutes of feedback. Feel free
to ask the experimenter any questions you may have at the
beginning or end of each session.
Thank you for your participation and cooperation.
GfOup Lo Hi
The purpose of this experiment is to determine how well
you can learn to control your skin temperature measured at
the site of your left index finger. A number of investiga
tors have reported that it is possible to learn to both in
crease and decrease skin temperature. Devices which in
dicate to an individual the nature of their performance
have been found to be a useful aid in the learning of skin
temperature control. The meter in front of you is such a
device. It will provide you with a visual display of your
finger temperature changes. This information is provided
in the form of needle movement. If the needle moves to
the right, that means your finger temperature is increasing.
If the needle moves to the left, that means your::finger
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temperature is decreasing. The farther the needle moves,
in either direction, the greater the change in your finger
temperature.
The meter does not indicate by how many degrees
(Centigrade) your finger temperature is changing. However,
the cardboard display located below the meter does indicate
the amount of temperature change (in degrees centigrade)
associated with needle movement. Please note that on
occasion the needle may not move immediately when you first
attempt to control your finger temperature during a trial.
A 15 minute rest period will begin whenever the ex
perimenter leaves the room you are now in. The beginning
of this period will be signaled by the illumination of the
red light (labelled "rest ) on the box located to the left
of the feedback meter. During this period you are asked
to please just sit quietly and rest. Be careful to not fall
asleep. Please, if at all possible, refrain from moving your
fingers toward your palms or body trunk. The restriction
of movement also applies to the movement of hands, arms,
legs, etc. The request for limited movement applies to the
entire experimental session.
At the end of 15 minutes, the red light will go off and
the yellow light will come on and remain on for a period of
10 minutes. The feedback meter will also be operational
during this ten minute period. The white light on side of
the feedback meter cabinet will come on simultaneously with
the yellow light. It will remain illuminated for five con
secutive minutes. Illumination of the white light means
that large changes in finger temperature will be associated
with small changes in needle position. Therefore, during
the first five minutes of feedback the meter needle will be
moderately sensitive to changes in your finger temperature.
At the end of five minutes the white light will go off and
the blue light, also on side of the feedback meter cabinet,
will be illuminated. The blue light will remain illuminated
for five consecutive minutes. At this point the meter
needle will become more sensitive to finger temperature
changes, i.e., approximately three times as sensitive. This
means that it will now take one-third as much change in
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finger temperature to equal the same amount of change in
needle position observed during the preceding five minutes.
The same sequence, white light on for fivie minutes followed
by blue light on for five minutes, will be maintained for
both trials of each of your experimental sessions. Please
note that the display card, located below each light, ex
plains more clearly the exact relationship between finger
temperature change and needle movement for that level of
feedback sensitivity.
The yellow light (labelled "decrease"), which came on
simultaneous with the white light, indicates that you are
to attempt to use the feedback provided by the meter needle
to lower your finger temperature by as much and for as long
as you possibly can. Please do not attempt to alter your
finger temperature by usinjg such techniques as clenching
the fist or altering respiration. You will note that there
is a physical limit as to how far the meter needle can move
in either direction. Anytime that the needle reaches these
limits the experimenter will reset the needle to the center
line of the meter so that the needle can move in correspon
dence to further temperature change. Three blinks of the
red light as well as the rapid return of the needle to the
center line will signal to you that the experimenter has
reset the needle. Thus you will know that you did not cause
the movement yourself.
At the end of 10 minutes, the feedback meter and blue
light will be turned off by the experimenter. The yellow
light will remain illuminated for five more minutes. You
are to continue to attempt to decrease your finger tempera
ture by as much and for as long as you can without the aid
of the meter needle. The experimenter will remind you via
the intercom that you are to continue to decrease your fin
ger temperature by as much and for as long as you can after
the feedback meter is cut-off.
At the end of this five minute period, the red light
will once again be constantly illuminated. Again it sig
nifies a rest period, but this time the period will last
for only 10 minutes. The instructions given for the first
rest period apply equally to this rest period. The same
sequence of periods, i.e., rest, meter feedback and white
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followed by blue light illumination and no feedback will be
used during this second trial. The only difference is that
instead of the yellow light being illuminated during the
feedback and no feedback periods, the green light (labelled
"increase") will be illuminated. The green light, when
illuminated, informs you that you are to attempt to in
crease your finger temperature. Remember that you are to
attempt to increase your finger temperature even after the
feedback meter is cut-off. The experimenter will remind
you of this via the intercom. At the end of the five
minute period during which you receive no feedback, the
experimenter will inform you via the intercom that the
experimental session is over. Please remain seated. The
experimenter will enter the room and disconnect the elec
trodes.
The same instructions and sequence of events will apply
to your next experimental session. These instructions will
also be given to you at the beginning of the next exper
imental session.
Points to remembers a) try to alter your finger tem
perature as much as possible and for as long as possible
during finger temperature increase and finger temperature
decrease periods; b) attempt to alter your finger tempera
ture in the desired direction for five more minutes after
the feedback meter is cut-off; c) sit quietly and do hot
attempt to deliberately alter vour finger temperature dur
ing rest periods; d) limit finger movement, hand movement,
arm movement, and leg movement as much as possible through
out the experimental session; e) do not attempt to alter
finger temperature by resorting to techniques such as
clinched fists or altered respiration; f) the light sequence
is red (rest), yellow (decrease), red (rest), green (in
crease) ; g) three blinks of the red light during feedback
periods signifies the experimenter is resetting the meter
needle to the center line; h) feedback will be available
for 10 consecutive minutes during both increase and de
crease trials; 1) moderately sensitive feedback (white
light) will be provided during the first five minutes of
feedback and highly sensitive feedback (blue, light) will be
provided during the last five minutes of feedback. Feel free
to ask the experimenter any questions you may have at the
beginning or end of each session. Thank you for your partici
pation and cooperation.
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Instructional control group instructions:

Group BOFB

The purpose of this experiment is to determine how well
you can learn to control your skin temperature measured at
the site of your left index finger. A number of investiga
tors have reported that it is possible to learn to both
increase and decrease skin temperature. There appear to be
many methods of accomplishing this task since different sub
jects have used different techniques to control their skin
temperature. Feel free to try whatever strategy you think
will work best for you with the exception of the following:
a) do not clench the fist of your left hand and, b) do not
alter your pattern of respiration, e.g., rapid inhalationexhalation, holding of breath, etc.
At 15 minute rest period will begin whenever the exper
imenter leaves the room you are now in. The beginning of
this period will be signalled by the illumination of the
red light (labelled "rest") on the table located directly
in front of you. During this period you are asked to please
just sit quietly and rest. Be careful to not fall asleep.
Please, if at all possible, refrain from moving your fingers
toward your palms or body trunk. The restriction of move
ment also applies to the movement of hands, arms, legs, etc.
The request for limited movement applies to the entire ex
perimental session.
At the end of 15 minutes, the red light will go off and
the yellow light will come on and remain on for a period of
15 minutes. During this period you are to attempt to lower
your finger temperature as much as possible and for as long
as possible. Please do not attempt to alter your finger
temperature by using such techniques as clenching the left
fist or altering respiration.
At the end of the 15 minute "decrease" period, the red
light will once again be illuminated. Again it signifies
a rest period but this time the period will last for only
10 minutes. The instructions given for the first rest per
iod apply equally to this rest period.
At the end of 10 minutes, the green light will be
illuminated. Illumination of the green light informs you
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that you are to attempt to increase your finger temperature.
The green light will remain illuminated for a period of 15
minutes. Instructions given for attempting finger tempera
ture decrease control apply equally to attempts to control
finger temperature increases. The experimental session will
be terminated at the end of the 15 minute increase finger
temperature period. The experimenter will inform you via
the intercom that the experimental session is over. Please
remain seated. The experimenter will enter the room and
disconnect the electrodes.
The same instructions and sequence of events will apply
to your next experimental session. These instructions will
be given to you at the beginning of the next experimental
session.
Points to remember: a) try to alter your finger tem
perature as much as possible during finger temperature in
crease and finger temperature decrease periods; b) Sit
quietly and do not atte
‘ .—
••
r finmoveger temperature during
ment, hand movement, arm movement, and leg movement as much
as possible throughout the experimental session; d) do not
attempt to alter finger temperature by resorting to tech
niques such as clenching of the left fist and altered res
piration; e) the light sequence is red (rest), yellow
(decrease), red (rest), and green (increase). Feel free
to ask the experimenter any questions you may have at the
beginning or end of each session.
Thank you for your participation and cooperation.
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